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= CMOS 4-BIT SINGLE-CHIP MICROCOMPUTER HMCS40 SERIES 


HMCS44CL 
(HD44808) 


Family Name 


HMCS44C 
HD44801 


(Type Name) 


8g Supply Voltage (V) 3/5 
B hua, 0 Torinal Vohngs wy [Vent 
2 Operating Temperature Range *! (°C) -20 to+75 


DP-42, DP-42S 


2,048 x 10 
128x10*? 


i 
20/10 


Built-in Clock Pulse Generator 
Power on Reset 
Battery Back-up 


Pe] 
is] 
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Functions 
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No/Yes 





HD44850E 
HD44857E 
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Evaluation Chip 


Reference Page 


*1 Wide Temperature Range (-40 to + 85°C) version is available, except LCD-IV 
*2 Pattern Memory 
*3 LCD DRIVE FUNCTION 


LCD 


fee op OR 2a 
Drive Static, 1/2, 1/3, 1/4 


1/2, 1/3 
Display Capability 4x32 Matrix (1/4 Duty) 


Expandable using the LCD Driver HD44100H. 








HMCS45CL 
(HD44828) 
HMCS45C 

(HD44820) 


3/5 

0.4/0.9 
Vect0.3 

-20 to +75 
FP-54, DP-64S 


2,048 x 10 
128x10*? 


160 x 4 
6 
4 


4x1 


4x6 
1x 16 


71 
20/10 


No/Yes 
Halt 


HD44850E 
HD44857E 
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HMCS46C HMCS47C HD44790). (HD613901) 
(HD44840) (HD44860) 
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-2010 +75 
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ae I 
7) eee 2Ox4 
Sane! Sa em em, (a ane (TN 
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HD44797E 
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@ CMOS 4-BIT SINGLE-CHIP MICROCOMPUTER HMCS400 SERIES 


Family Name (Type Name) Meerabas HMCS404AC* HMcS404CL* HD614PO80St 


g[Suppy Vos SSW] aos | 4860 | 271060 | aBw55 
'S|Power Dissipation ~ (typ) (mW) 9.0 9.0 
% S|Max. 1/0 Terminal Voltage (Vv) Vec-40 Vec-40 
E|Operaing Temperature Range TO “2010 +78 
5 [Poca Doss? 
°4,096-word x 10-bit 
with standard 
EPROM 2764 
with standard 
EPROM 27128 
a 
7 
_ [Beck Rewer te te te 
| GL) TL) es 
iar rr a Pe Be (PT OT 
Pixie] te te 
few pa ee ee 
[Fimeriooumer a a i 
A 
[ Romber ations [of ___| og | 5 as 
fee cece ee ee 
Yes (External drive is possible) 
Others Low Power Dissipation Mode (Stop mode, Stand-by mode) 
Reference Page ae eee ee ae ee ee 398 


* Under Development 
+ EPROM on the Package Type 


INTRODUCTION OF PACKAGES 





Hitachi microcomputer devices are offered in a variety of 1. Package Classification ; 
packages, to meet various user requirements. When selecting suitable packaging, please refer to the 
Package Classifications given in Fig. 1 for pininsertion, surface 
mount, and multi-function types, in plastic and ceramic. 













Standard Outline 
Shrink Outline 













Pin Insertion Type 






Package Classification 












LCC 


Flat Package 


; ‘ EPROM on the 
Multi-function Type Package Type 


DIP; OUAL IN LINE PACKAGE 

S-DIP; SHRINK DUAL IN LINE PACKAGE 
PGA: PIN GRID ARRAY 

FLAT-DIP; FLAT DUAL IN LINE PACKAGE 
FLAT-QUIP; FLAT QUAD IN LINE PACKAGE 
CC: CHIP CARRIER 

SOP; SMALL OUTLINE PACKAGE 

FPP; FLAT PLASTIC PACKAGE 
PLCC;PLASTIC LEADED CHIP CARRIER 
LCC ; LEADLESS CHIP CARRIER 









Surface Mounting Type 











Fig.1 Package Classification according to Material and Printed Circuit Board Mounting Type 


INTRODUCTION OF PACKAGES 


2. Type No. and Package Code Indication 

The Hitachi type No. for 4-bit single-chip microcomputer devices 
is followed by package material and outline specifications, as shown 
below. The package type used for each device is identified by code as 


follows, illustrated in the data sheet of each device. 
When ordering, please write the package code next to the type 
number. 


Type No. Indication 


HDXXXXXS 


Package Classification 


HMCS40 Series 
No Indication; Plastic DIP 


S; Shrink Type Plastic DIP 


HMCS400 Series 
F; FPP 
P; Plastic DIP 
S; Shrink Type Plastic DIP 


HDXXXPXXXX stands for Type No. 
of EPROM on the package type 
microcomputer device. 


(Note) 





Package Code Indication 


DP—64S8 
a 













Outline Materials Additional Outline 
O:DIP P ; Plastic Pins S; Shrink type 
F FLAT C ; Ceramic SP; EPROM on the shrink package type 
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INTRODUCTION OF PACKAGES 


3. Package Dimensional Outline 
Hitachi 4-bit single-chip microcomputer devices employ the pack- 
ages shown in Table | according to PCB mounting method. 


Table 1 Package List 
Mounting method Package classification Package material Package code 
Standard outline (DIP) DP-28 











Pin insertion type 


Surface mounting type 


Ceramic 





2.544025 ~ + 0.4830.10 


(Unit: mm) 





(Unit: mm) 
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Shrink Type Plastic DIP 


(Unit: mm) 


(Unit: mm) 





14 


INTRODUCTION OF PACKAGES 








(Unit: mm) 





(Unit: mm) 





(Unit: mm) 
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(Unit: mm) 


25.620.4 


o 
br 
i=] 
+4 
2 
© 
°o 


(Unit: mm) 





(Unit: mm) 
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® DC-64SP 


i 
| 


673 


PleteleltT lle ll) 













+ Gas RRoneooRES 











4. Mounting Method 

Package lead pins are surface treated with solder coating or 
plating to facilitate PCB mounting. The lead pins are connected 
to the package by eutectic solder. Common connecting method 
of leads and precautions are explained as follows: 


4.1 Mounting Methods of Pin Insertion Type Package 
Insert lead pins into the PCB through-holes (usually about 
$0.8mm). Soak leads in a wave solder tub. 

Lead pins held by the through-holes enable handling of the 
package through the saldering process, and facilitate automated 
soldering. When soldering leads in the wave solder tub, do not 
get solder on the package. 


4.2 Mounting Method of Surface Mount Type Package 

Apply the specified quantity of solder paste to the pattern on 
any printed board by the screen printing method, to temporarily 
fix the package to the board. The solder paste melts when heated 
in a reflowing furnace, and package leads and the pattern of the 
printed board are fixed by the surface tension of the melted 
solder and self alignment. 

The size of the pattern where leads are attached should be 1.1 
to 1.3 times the leads’ width, depending on paste material or 
furnace adjustment. 

The temperature of the reflowing furnace is dependent on 
packaging material and type. Fig. 2 lists the adjustment of the 
reflowing furnace for FPP. Pre-heat the furnace to 150°C. Sur- 
face temperature of the resin should be kept at 235° C maximum 
for 10 minutes or less. 


(1) The temperature of the leads should be kept at 260° for 10 minutes 
or less. 

(2) The temperature of the resin should be kept at 235° for 10 minutes 
or less. 

(3) Below is shown the temperature profile when soldering a package 
by the reflowing method. 
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(Unit: mm) 





10 sec max 







235°C max 


140 ~ 160°C 
Se 


Temperature ——> 





1 ~ 5°C/sec 





Time ———> 


Fig.2 Reflowing Furnace Adjustment 
for FPP 


Employ adequate heating or temperature control equipment 
to prevent damage to the plastic package epoxy-resin material. 
When using an infrared heater, avoid long exposure at tempera- 
tures higher than the glass transition point of epoxy-resin (about 
150° C), which may cause package damage and loss of reliability 
characteristics. Equalize the temperature inside and outside of 
packages by reducing the heat of the upper surface of the 
packages. . 

FPP leads may easily bend in shipment or during handling, 
and impact soldering onto the printed board. Heat the bent leads 
again with a soldering iron to reshape them. 

Use a rosin flux when soldering. Do not use chloric flux 
because the chlorine in the flux has a tendency to remain on the 
leads and reduce reliability. Use alcohol, chlorothene or freon to 
wash away rosin flux from packages. These solvents should not 


‘remain on the packages for an excessive length of time, because 


the package markings may disappear. 


QUALITY ASSURANCE 


1. VIEWS ON QUALITY AND RELIABILITY 


Basic views on quality at Hitachi are to meet the 

individual uers’ required quality level and maintain a 

general quality level equal to or above that of the 

general market. The quality required by the user may 

be specified by contract, or may be indefinite. In either 

case, efforts are made to assure reliable performance 

in actual operating circumstances. Quality control 

during the manufacturing process, and quality aware- 

ness from design through production lead to product 

quality and customer satisfaction. Our quality assur- 

ance technique consists basically of the following 

steps: 

(1) Build in reliability at the design stage of new 
product development. 

(2) Build in quality at all steps in the manufacturing 
process. 

(3) Execute stringent inspection and reliability con- 
firmation of final products. 

(4) Enhance quality levels through field data feed 
back. 

(5) Cooperate with research laboratories for higher 
quality and reliability. 


With the views and methods mentioned above, 
utmost efforts are made to meet users’ requirements. 


2. RELIABILITY DESIGN OF 
SEMICONDUCTOR DEVICES 


2.1 Reliability Targets 

The reliability target is an important factor in sales, 
manufacturing, performance, and price. It is not ade- 
quate to set a reliability target based on a single set of 
common test conditions. The reliability target is set 
based on many factors: 

(1) End use of semiconductor device. 

(2) End use of equipment in which device is used. 
(3) Device manufacturing process. 

(4) End user manufacturing techniques. 

(5) Quality control and screening test methods. 

(6) Reliability target of system. 


2.2 Reliability Design 
The following steps are taken to meet the reliability 
targets: 
(1) Design Standardization 
As for design rules, critical items pertaining to 
quality and reliability are always studied at circuit 
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design, device design, layout design, etc. There- 
fore, as long as standardized processing and 
materials are used the reliability risk is extremely 
small even in the case of new development 
devices, with the exception of special require- 
ments imposed by functional needs. 


(2 


~— 


Device Design 

It is important for the device design to consider 
total balance of process, structure, circuit, and 
layout design, especially in the case where new 
processes and/or new materials are employed. 
Rigorous technical studies are conducted prior to 
device development. 


(3 


— 


Reliability Evaluation by Functional Test 
Functional Testing is a useful method for design 
and process reliability evaluation of IC’s and LSI 
devices which have complicated functions. 


The objectives of Functional Test are: 

@ Determining the fundamental failure mode. 

@ Analysis of relation between failure mode and 
manufacturing process. 

@ Analysis of failure mechanism. 

@ Establishment of OC points in manufacturing 
process. 


2.3 Design Review 

Design Review is an organized method to confirm that 

a design satisfies the performance required and 

meets design specifications. In addition, design review 

helps to insure quality and reliability of the finished 
products. At Hitachi, design review is performed from 
the planning stage to production for new products, 
and also for design changes on existing products. 

Items discussed and considered at design review are: 

(1) Description of the products based on design 
documents. 

(2) From the standpoint of each participant, design 
documents are studied, and for points needing 
clarification, further investigation will be carried 
out. 

(3) Specify quality control and test methods based on 
design documents and drawings. 

(4) Check process and ability of manufacturing line to 
achieve design goal. 

(5) Preparation for production. 

(6) Planning and execution of sub-programs for 
design changes proposed by individual specialists, 


QUALITY ASSURANCE 


for test, experiments, and calculations to confirm 
the design changes. 

(7) Analysis of past failures with similar devices, dis- 
cussion of methods to prevent them, and planning 
and execution of test programs to confirm success. 


3. QUALITY ASSURANCE SYSTEM 


3.1 Activity of Quality Assurance 

General views of overall quality assurance in Hitachi 

are as follows: 

(1) Problems in each individual process should be 
solved in the process. Therefore, at the finished 
product stage the potential failure factors have 
been removed. 

(2) Feedback of information is used to insure a satis- 
factory level of ability process. 


3.2 Quality Approval 
To insure quality and reliability, quality approval is 
carried out at the preproduction stage of device 





Parts 


| Materials, Parts 
Production Approval | 


Contents 


Design Review 


Characteristics of Material and 





design, as described in section 2. Our views on quality 
approval are: 


(1) A third party executes approval objectively from 
the standpoint of the customer. 

(2) Full consideration is given to past failures and 
information from the field. 

(3) No design change or process change without QA 
approval. 

(4) Parts, materials, and processes are closely 
monitored. 

(5) Control points are established in mass production 
after studying the process abilities and variables. 


3.3 Quality and Reliability Control at Mass 
Production 

Quality control is accomplished through division ot 
functions in manufacturing, quality assurance, and 
other related departments. The total function flow is 
shown in Fig. 2. The main points are described below. 


Purpose 


Confirmation of 
Characteristics and 









é Appearance Reliability of Materials 
Dimension and Parts 
Heat Resistance 
Mechanica! 
Electrical 













[Charecterlstics Approval 


Guslity Approval (1) | 


Others 


Electrical 

Characteristics 
Function 
Voltage 
Current 
Temperature 
Others 

Appearance, Dimension 


Reliability Test 


Life Test 
Thermal Stress 






Confirmation of Target 
Spec. Mainly about 
Electrical Characteristics 


Confirmation of Quality 
and Reliability in Design 


Moisture Resistance 
Mechanical Stress 
Others 


Quality Approval (2 


Mass 
Production 





Reliability Test 
Process Check same as 
Quality Approval (1) 
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Confirmation of Quality 
and Reliability in Mass 
Production 


Figure 1 Flow Chart of Quality Approval 


Material 
Parts 


Products 


Process 


Material, Parts 


be ee ee oe 


Inspection of 
Material end Parts oe 


rocco 


————=—4 


i 
2 
----4-----;- 


100% Inspection ia 


a | 





Quality Control 


inspection on Material and 
Parts for Semiconductor 
Devices 


Manufacturing Equipment, 
Environment, Sub-material, 
Worker Control 


inner Process 
Quatity Control 


100% Inspection on 
Appearance and Electrical 
Characteristics 


Sampling inspection on 
Appearance and Electrical 
Characteristics 


Reliability Test 


Quality Information 
Claim 
Field Experience 
General Quality 
Information 
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Lot Sampling, 
Confirmation of 
Quality Level 


Confirmation of 
Quality Level 


Lot Sampling, 
Confirmation of 
Quality Level 


Testing, 
Inspection 


Lot Sampling 


Confirmation of 
Quality Level, Lot 
Sampling 


Feedback of 
Information 


Figure 2 Flow Chart of Quality Control in Manufacturing Process 
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QUALITY ASSURANCE 


3.3.1 Quality Control of Parts and Materials 

As semiconductor devices tend towards higher per- 
formance and higher reliability, the importance of 
quality control of parts and materials becomes para- 
mount. Items such as crystals, léad frames, fine wire 
for wire bonding, packages, and materials needed in 
manufacturing processes such as masks and chemi- 
cals, are all subject to rigorous inspection and control. 
Incoming inspection is performed based on the pur- 
chase specification and drawing. The sampling is exe- 
cuted based mainly on MIL-STD-105D. 


The other activities of quality assurance are as 
follows: 

(1) Outside vendor technical information meeting. 
(2) Approval and guidance of outside vendors. 

(3) Chemical analysis and test. 


The typical check points of parts and materials are 
shown in Table 1. 


Table 1 Quatity Contro! Check Points of Materiel and Parts 
(Example) 


important 
Control Items 


Appeerance 





Point for Check 










Damage and Contamina- 
tion on Surface 

Flatness 

Resistance 

Defect Numbers 









Dimension 
Sheet Resistance 
Defect Density 

Crystal Axis 


Wafer 













Appearance Defect Numbers, Scratch 
Mask Dimension Dimension Level 

Resistoration 

Gradation Uniformity of Gradation 








Appearance Contamination, Scratch, 






Fine : 
. Bend, Twist 
ve for | Dimension 
Bondi Purity Purity Level 
ne Elongation Ratio | Mechanical Strength 













Contamination, Scratch 
Dimension Level 


Appearance 
Dimension 
Processing 






Frame 
Bondabitity, Solderability 
Heat Resistance 






Contamination, Scratch 
Dimension Level 






Leak Resistance Airtightness 









Plating Bondabdility, Solderability 
Ceramic Mounting Heat Resistance 
Package Characteristics 
Electrical 
Characteristics 


Mechanical Mechanical Strength 





Characteristics of 
Plastic Material 





Composition 


Electrical 
Characteristics 
Thermal 
Characteristics 
Molding 
Performance 
Mounting 
Characteristics 







Plastic 






Molding Performance 







Mounting Characteristics 
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3.3.2 Inner Process Quality Control 

Inner Process Quality Contro! performs very important 
functions in quality assurance of semiconductor 
devices. The manufacturing Inner Process Quality 
Control! is shown in Fig. 3. 


(1) Quality Contro! of Semi-final Products and Final 

Products 
Potential failure factors of semiconductor devices 
are removed in the manufacturing process. To 
achieve this, check points are set-up in each pro- 
cess and products which have potential failure 
factors are not moved to the next process step. 
Manufacturing lines are rigidly selected and tight 
inner process quality controls are executed—rigid 
checks in each process and each lot, 100% inspec- 
tion to remove failure factors caused by manufac- 
turing variables and high temperature aging and 
temperature cycling. Elements of inner process 
quality control are as follows: 

@ Condition control of equipment and workers 
environment and random sampling of semi- 
final products. 

@ Suggestion system for improvement of work. 

@ Education of workers. 

@ Maintenance and improvement of yield. 

@ Determining quality problems, and implement. 
ing countermeasures. 

@ Transfer of quality information. 


(2) Quality Control of Manufacturing Facilities and 
Measuring Equipment 
Manufacturing equipment is improving as higher 
performance devices are needed. At Hitachi, the 
automation of manufacturing equipment is en- 
couraged. Maintenance Systems maintain opera- 
tion of high performance equipment. There are 
daily inspections which are performed based on 
related specifications. Inspection points are listed 
in the specification and are checked one by one to 
prevent any omission. As for adjustment and 
maintenance of measuring equipment, specifica- 
tions are checked one by one to maintain and 
improve quality. 


(3) Quality Control of Manufacturing Circumstances 
and Sub-Materials 
The quality and reliability of semiconductor devices 
are highly affected by the manufacturing process. 
Therefore, controls of manufacturing circum- 


stances such as temperature, humidity and dust, 
and the control of submaterials, like gas, and pure 

' water used in a manufacturing process, are inten- 
sively executed. 


Dust control is essential to realize higher integra- 
tion and higher reliability of devices. At Hitachi, 
maintenance and improvement of cleanliness at 
manufacturing sites is accomplished through 


Process 
Purchase of Material 





Wafer ss Wafer 
Surface Oxidation Oxidation 
Inspection on Surface 
Oxidation 
Photo Resist Photo 

Resist 
Inspection on Photo Resist 
© PQC Level Check 
Diffusion Diffusion 
Inspection on Diffusion 
© PAC Level Check 
Evaporation Evapora- 
tion 
Inspection on Evaporation 
© PQC Level Check 
Wafer inspection Wafer 
Inspection on Chip Chip 
Electrical Characteristics 
Chip Scribe 
Inspection on Chip 
Appearance 
© PQC Lot Judgement 

Frame 

Assembling Assembling 
© PQC Level Check 

Inspection after 

Assembling 
© PQC Lot Judgement 

Package 
Sealing Sealing 

© PQC Level Check Marking 


Final Electrical Inspection 
© Failure Analysis 


Appearance Inspection 
Sampling Inspection on 
Products 
Receiving 


Shipment 


Figure 3 





QUALITY ASSURANCE 


attention to buildings, facilities, air conditioning 
systems, delivered materials, clothes, work envir- 
onment, and periodic inspection of floating dust 


concentration. 


3.3.3 Final Product Inspection and Reliability 


Assurance 


(1) Final Product Inspection 
Lot inspection is done by the quality assurance 


Control Point 


Characteristics, Appearance 


Appearance, Thickness of 
Oxide Film 


Dimension, Appearance 


Diffusion Depth, Sheet 
Resistance 


Gate Width 


Characteristics of Oxide Film 
Breakcown Voltage 


Thickness of Vapor Film, 
Scratch, Contamination 


Thickness, VTH Characteris- 
tics 
Electrical Characteristics 


Appearance of Chip 


Appearance after Chip 
Bonding 

Appearance after Wire 
Bonding 

Pull Strength, Compression 
Width, Shear Strength 
Appearance after Assembling 


Appearance after Sealing 
Outline, Dimension 


Marking Strength 


Analysis of Failures, Failure 
Mode, Mechanism 


Example of Inner Process Quality Control 
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Purpose of Control 


Scratch, Removai of Crystal 
Defect Wafer 

Assurance of Resistance 
Pinhole, Scratch 


Dimension Level! 
Check of Photo Resist 
Diffusion Status 


Control of Basic Parameters 
(VTH, etc.) Cleanness of surface, 
Prior Check of Vit 

Breakdown Voltage Check 
Assurance of Standard 

Thickness 


Prevention of Crack, 
Quality Assurance of Scribe 


Quality Check of Chip 
Bonding 

Quality Check of Wire 
Bonding 

Prevention of Open and 
Short 


Guarantee of Appearance 
and Dimension 


Feedback of Anatysis Infor- 
mation 
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department for products which were judged good 
in 100% test ... the final process in manufac- 
turing. Though 100% yield is expected, sampling 
inspection is executed to prevent mixture of bad 
product by mistake. The inspection is executed not 
only to confirm that the products have met the 
users’ requirements but also to consider potential 


Claim 









Sales Dept. 





Customer 


Sales Engineering Dept. 


Sales Engineering Dept. 





quality factors. Lot inspection is executed based 
on MIL-STD-105D. 

(2) Reliability Assurance Tests 
To assure the reliability of semiconductor devices, 
reliability tests and tests on individual manufac- 
turing lots that are required by the user, are peri- 
odically performed. 


(Failures, Information) 





Failure Analysis 


Countermeasure 
Execution of 
Countermeasure 






Figure 4 Process Flow Chart of Field Failure 
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Follow-up and Confirmation 
of Countermeasure Execution 


i pan ey ie ene 


RELIABILITY TEST DATA 





1. INTRODUCTION 

Microcomputers provide high reliability and quality to meet 
the demands of increased functions, enlarging scale, and wid- 
ening application. Hitachi has improved the quality level of 
microcomputer products by evaluating reliability, building 
quality into the manufacturing process, strengthening inspection 
techniques, and analyzing field data. 

The following reliability and quality assurance data for 
Hitachi 8-bit single-chip microcomputers indicates results from 
test and failure analysis. 


2. PACKAGE AND CHIP STRUCTURE 
2.1 Packaging 

Production output and application of plastic packaging con- 
tinues to increase, expanding to automobile measuring and con- 
trol systems, and computer terminal equipment operating under 
severe conditions. To meet this demand, Hitachi has significantly 
improved moisture resistance and operational stability in the 
plastic manufacturing process. 

Plastic and side-brazed ceramic package structures are shown 
in Figure | and Table 1. 


(1) Plastic DIP (2) Plastic Flat Package 


Bonding wire 


Plastic 





Figure 1 Package Structure 


Table 1 Package Material and Properties 


Item Plastic DIP 
Package Epoxy 
Lead Solder dipping Alloy 42 
Die bond Au-Si or Ag paste 
Wire bond Thermo compression 
Wire Au 
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Plastic Flat Package 
Epoxy 
Solder plating Alloy 42 
Au-Si or Ag paste 
Thermo compression 


Au 





RELIABILITY TEST DATA OF MICROCOMPUTER 


2.2 Chip Structure 


The HMCS40 family is produced in low power CMOS technol- 


ogy. The Si-gate process is used because of high reliability and high 


SE 





Si-Gate CMOS 


AER 
i 


SiO, Source Orain 





density. 


Chip structure and basic circuitry are shown in Figure 2. 














P-channel 
EMOS 






N-channel 
EMOS 





Figure 2 Chip Structure and Basic Circuit 


3. QUALITY QUALIFICATION AND EVALUATION 


3.1 Reliability Test Methods 


Reliability test methods shown in Table 2 are used to qualify and evaluate the new products and new process. 


Test Items 
Operating Life Test 


High Temp, Storage 

Low Temp, Storage 

Steady State Humidity 
Steady State Humidity Biased 


Temperature Cycling 
Temperature Cycling 
Thermal Shock 
Soldering Heat 
Mechanical Shock 
Vibration Fatigue 
Variable Frequency 
Constant Acceleration 
Lead Integrity (DIP) 
Lead Integrity (FPP) 


Table 2 Reliability Test Methods 


MIL-STD-883B Method No. 
125°C, 1000hr 1005,2 





Tstg max, 1000hr 1008, 1 
Tstg min, 1000hr 

65° Cc 95%RH, 1000hr 

85°C 85%RH, 1000hr 

-55° Cc~ 150° C, 10 cycles 1010,4 
-20° C~ 125° C, 200 cycles 

0° c~ 100°C, 100 cycles 1011,3 
260°C, 10 sec 

15006 0.5 msec, 3 times/X, Y, Z 2002,2 
60Hz 20G, 32hrs/X, Y, Z 2005, 1 
20~2000Hz 20G, 4 min/X, Y, Z 2007,1 
20000G, 1 min/X, Y, Z 2001,2 
2259r, 90° 3 times 2004,3 
225gr, 90° 1 time 2004 


26 





RELIABILITY TEST DATA OF MICROCOMPUTER 


3.2 Reliability Test Results 
Reliability Test Results of 4-bit single-chip microcomputer de- 
vices is shown in Table 3 to Table 7. 


Table 3 Dynamic Life Test 


Sample Size 






Failure 
















°o 


HMCS47C 


HMCS46C 


HMCS45C 


HMCS44C 


o or 27/0000 





LCD-{II 


* Surface contamination 
“* Aluminum metallization open 


Table 4 High Temperature, High Humidity Test (Moisture Resistance Test) 
(1) 85°C 85%RH Bias Test 


| 6B hrs | 500 hrs 
0/205 0/205 
0/185 0/185 


Condition; C MOS: Vcc = 5.5V 










1*/205 
1*/185 


“Aluminum corrosion 





(2) High Temperature High Humidity Storage Life Test 
a) 65°C/95%RH 


1*/870 


*Aluminum corrosion 


1*/545 





(to be continued) 
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b) 85°C/95%RH 











[teen | 500] 
0/220 0/220 
0/165 0/165 


(3) Pressure Cooker Test 


(121°C, 2 atm) 
| 40hrs | 60hrs | 100hrs 
0/55 0/55 0/55 
0/55 0/55 0/55 





1*/220 
1*/165 


* Aluminum corrosion 





*Current leakage 


(4) MIL-STD-883B Moisture Resistance Test 
(-65°C ~ - 10°C, 90%RH or more) 





0/50 0/50 
0/22 0/22 
TableS Temperature Cycling Test 
(-55°C ~ 150°C) 


Package | TOcycles | 100cycles 
0/1637 0/1637 
0/1514 0/1514 

Table 6 High Temperature, Low Temperature Storage Life Test 


168 hrs 


150°C 0/43 0/43 
-55°C 0/50 0/50 





200 cycles 
0/1637 
0/1514 













-55°C 0/40 0/40 
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Table 7 Mechanical and Environmental Test 








Plastic DIP Flat Plastic Package 
Test Item 
Failure 
° me ° 
ca 
Soldering Heat 260°C, 10 sec. ee ee 
oO 
) 
wows | Mee [|e | * |. 
Lead Integrity Bonding 3 times 
225g, 90° 0 
Bonding 1 time 





4. PRECAUTIONS 


4.1 Storage 


To prevent deterioration of electrical characteristics, solder- 
ability, appearance or structure, Hitachi recommends semicon- 
ductor devices be stored as follows: 

(1) Store in ambient temperatures of 5 to 30°C, with a relative 
humidity of 40 to 60%. 
(2) Store in a clean, dust- and active gas-free environment. 
(3) Store in conductive containers to prevent static electricity. 
(4) Store without any physical load. 
(5) When storing devices for an extended period, store in an 
unfabricated form, to minimize corrosion of pre-formed 
lead wires. 
Unsealed chips should be stored in a cool, dry, dark and 
dust-free environment. Assembly should be performed 
within 5 days of unpacking. Devices can be stored for up to 
20 days in dry nitrogen gas with a dew point at -30°C or less. 
Prevent condensation during storage due to rapid tempera- 
ture changes. 


(6) 


(7) 


4.2 Transportation 


General precautions for electronic components are appli- 
cable in transporting semiconductors, units incorporating semi- 
conductors, and other similar systems. In addition, Hitachi 
recommends the following: 

(1) When transporting semiconductor devices or printed circuit 
boards, minimize mechanical vibration and shock. Use con- 
tainers or jigs which will not induce static electricity as a 
result of vibration. Use of an electrically conductive con- 
tainer or aluminum foil is recommended. 

To prevent device deterioration from clothing-induced static 
electricity, workers should be properly grounded while hand- 
ling devices. Use of a 1M ohm resistor is recommended to 
prevent electric shock. 

When transporting printed curcuit boards containing semi- 
conductor devices, suitable preventive measures against 
static electricity must be taken. Voltage build-up can be 
avoided by shorting the card-edge terminals. When a belt 
conveyor is used, apply some surface treatment to prevent 
build-up of electrical charge. 

Minimize mechanical vibration and shock when trans- 
porting semiconductor devices or printed circuit boards. 


(2) 


(3) 


(4) 
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4.3 Handling for Measurement 


Avoid static electricity, noise and voltage surge when meas- 
uring or mounting devices. Precaution should be taken against 
current leakage through terminals and housings of curve tracers, 
synchroscopes, pulse generators, and DC power sources. 

When testing devices, prevent voltage surges from the tester, 
attached clamping circuit, and any excessive voltage possible 
through accidental contact. 

In inspecting a printed circuit board, power should not be 
applied if any solder bridges or foreign matter is present. 


4.4 Soldering 


Semiconductor devices should not be exposed to high 
temperatures for excessive periods. Soldering must be performed 
consistent with temperature conditions of 260°C for 10 seconds, 
350° C for 3 seconds, and ata distance of | to 1.5mm from the end 
of the device package. 

A soldering iron with secondary voltage supplied through a 
grounded transformer is recommended to protect against 
leakage current. Use of alkali or acid flux, which may corrode the 
leads, is not recommended. 


4.5 Removing Residual Flux 


Detergent or ultrasonic removal of residual flux from circuit 
boards is necessary to ensure system reliability. Selection of 
detergent type and cleaning conditions are important factors. 

When chloric detergent is used for plastic packaged devices, 
care must be taken against package corrosion. Extended 
cleaning periods and excessive temperature conditions can cause 
the chip coating to swell due to solvent permeation. Hitachi 
recommends use of Lotus and Dyfron solvents. Trichloroeth- 
ylene solvent is not suitable. 

The following conditions are advisable for ultrasonic 
cleaning: 

@ Frequency: 28 to 29 k Hz (to avoid device resonation) 

e@ Ultrasonic output: 15W/e 

e Keep devices from making direct contact with power 
generator 

@ Cleaning time: Less than 30 seconds. 


DESIGN PROCEDURE AND SUPPORT TOOLS 
FOR 4-BIT SINGLE-CHIP MICROCOMPUTER 


The cross assembler and the hardware simulator using various ered as the LSI by the company. 





types of computer are prepared by Hitachi as supporting systems to Fig. 1 shows the typical program design procedure and Table 1 
develop user’s programs. shows the system development support tools for 4-bit single-chip 
User’s programs are mask programmed into the ROM and deliv- microcomputer family used in these processes. 





EPROM “ ~ Allocation of 
Cy daa lay . Text Editor / CRT Editor 
Ko a xa Evaluation Kit 
Ps H68SD5 
® Inte! MDS 
EXORciser 
1BM370 


ade 


caer P 
ee Source Program 
@=— Cross Assembler 
Pattern Generator H68SD5 
Intel MOS 
=< a 
1BM370 
EPROM ~~~ 
Trial | 
[Fisher | 


Hardware 
Simulation 









ee » raul 
4 Object Progra 


\\ 
Fo 






Evaluation Kit 
Evaluation Board 


F : H68SD5 

Engineering ® EPROM on the Package Type 

Approval Microcomputer 

HD614P080S 
Yes 
— 
Y 

Tai = (Explanation) 

psd rinis ® When the user programs the system, the predetermined functions are 


assigned to the 1/0 pin and the RAM before the programming. 


® A flow chart is designed to achieve the predetermined functions and the flow 
chart is coded by using the mnemonic code. 


® The coded flow chart is punched into the card or the paper tape or written into 
the floppy disk, to generate a source program. 


® The source program is assembled by the evaluation kit or the H68SD5, 
to generate the object program. In this case, errors during the assembling are 
also detected. 


O) Hardware simulation is performed to confirm the program. 
The company provides four kinds of hardware, the H68SD5, the evaluation kit, 
the evaluation board and the EPROM on the package type microcomputer. The 
consumers are able to choose the best suitable tool. 


The completed program is sent to the company in the form of EPROM or the 
object tape. 


@) Options such as ROM is masked by the company, LSI is testatively produced 
and the sample is handed in to the user. After the user has evaluated the 


sample and confirmed that the program is correct, mass production is 
started. 


Figure 1 Program Design Procedure 
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DESIGN PROCEDURE AND SUPPORT TOOLS 
FOR 4-BIT SINGLE-CHIP MICROCOMPUTERS 





Table 1 System Development Support Tools 






















Resident System Cross System 


) : 
Evaluation EPROM on gee, eer ‘enst0 Intel MOS220/230 
Bose the Package | (Hardware+Software) ele CP/M 
H45CEVO0O 


H40LCEVOO H6BSDS+H40MIX2 
H40EVKIT4*1 HaoLcevoae!} | H68SD5+H40M1X4*? | | saomosi-F | 
el HD614P0B0S | HE8SD5+H400CMIX1 Fo S400MDS1F | S400MDS2F 


“1 : Under Development 


*2 : Cross Assembler is Supplied with Evaluation Kit. 

“3 : Cross Assembler is Supplied with Emulator. 

°4 : MDS is a registered trade mark of Mohorwk Data Science Corp. 
ISIS-It is a registered trade mark of Inte! Corp. 
CP/M is a registered trade mark of Digital Research tnc. 
EXORciser is a registered trade mark of Motorola Inc. 








Family No. EXORciser-I! 


S40EXR1-F 









S40EXR1-F 


LCD.-111 S40EXR1-F 


S40EXR1-F 
HMCS404C 


HMCS404CL *! 
HMCS404AC *? 
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DESIGN PROCEDURE AND SUPPORT TOOLS 


mmm FOR 4-BIT SINGLE-CHIP MICROCOMPUTERS 


@ SINGLE-CHIP MICROCOMPUTER DEVELOPMENT SYSTEM 


The H6&8SD5S is a development system for Hitachi 4-bit and 8-bit 
single-chip microcomputers. 

It is compact HD6800—based CRT/Key board microcomputer 
terminal, with two Floppy disk drivers, and has standard interface 
for the TTY (RS-232C or TTL level) and printer (Centronics parallel 
interface), An optional EPROM Writer is available. 


Features 
® Supports system development for 8-bit and 4-bit single chip 


microcomputers 


System Configuration 


H68SD5 
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Disk based low cost system 

Provides the CRT Editor, Assembler, Emulator and EPROM 
Writer controlled by FDOS-III 

56k-byte RAM 

Allows linking between the H68SD5 and the 1/O devices 
(TTY and Printer) 

Easy to debug user’s prototype system using the Emutator 
Module 


HOBPWUOt 
SOCKET. 
siwseey 
ww 84 He 
eeee 
ype 


@eese 
PPE MNT 7G A 





@ nrracri 


EPROM Writer 





8-bit single-chip micro- 
Emulator Module computer family 


HMCS4O series 
HMCS400 series 


DATA 
SHEETS 


4-BIT SINGLE-CHIP 
MICROCOMPUTER 





HMCS40 SERIES 





Preliminary data sheets herein contain information on new products. Specifications 
and information are subject to change without notice. 


Advance Information data sheets herein contain information on a product under 
development. Hitachi reserves the right to change or discontinue these products 
without notice. 











HMCS44C(HD44801) 
HMCS44CL(HD44808) 


The HMCS44C is the CMOS 4-bit single chip microcomputer 


which contains ROM, RAM, I/O and Timer/Event Counter on 
single chip. The HMCS44C is designed to perform efficient con- 
troller function as well as arithmetic function for both binary and 
BCD data. The CMOS technology of the HMCS44C provides the 
flexibility of microcomputers for battery powered and battery 
back-up applications. 


FEATURES 
4-bit Architecture 
2,048 Words of Program ROM (10 bits/Word) 
128 Words of Pattern ROM (10 bits/Word) 
160 Digits of Data RAM (4 bits/Digit) 
32 1/0 Lines and 2 External Interrupt Lines 
Timer/Event Counter 
Instruction Cycle Time: HMCS44C; 10 us 
HMCS44CL; 20 ys 

All Instructions except One Instruction; Single Word and 
Single Cycle 
BCD Arithmetic Instructions 
Pattern Generation Instruction 
— Table Look Up Capability — 
Powerful Interrupt Function 

3 Interrupt Sources 

2 External Interrupt Lines 
Timer/Event Counter 

Multiple Interrupt Capability 
Bit Manipulation Instructions for Both RAM and 1/0 
Option of I/O Configuration Selectable on Each Pin; Pull Up 
MOS or CMOS or Open Drain 
Built-in Oscillator 
Built-in Power-on Reset Circuit (HMCS44C only) 
Low Operating Power Dissipation; 2mW typ. 
Stand-by Mode (Halt Mode); 50 4.W max. 
CMOS Technology 
Single Power Supply: HMCS44C; 5V+ 10% 

HMCS44CL; 2.5V to 5.5V 


38 


HMCS44C,HMCS44CL 


(DP-42) 


HMCS44C,HMCS44CL 





(DP-42S) 





a PIN ARRANGEMENT 


ou00000 


oRn @ 


~ at es 


= 


9U00000 


= 
aa On = © 


HMCS44C, 


HMCS44CL 





(Top View) 





HMCS44C, HMCS44CL 


= BLOCK DIAGRAM 


ROM 

2,048 x 10 bit 
(program memory) 
128 x 10 bit 
{pattern memory) 


Instruction 
Decoder 


Stack Register 


RAM 
160 x 4 bit 


i 
2 


Bit 





[NOTE) R4and R65 of the HMCS44C f°" ~~~ a 
BE cen. ce Laon me aeniere + 1/0 Common 
=< purpose registers. Bo ! 


* Power-on Reset Circuit 
(ACL) is not built in HMCS44CL. 
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HMCS44C, HMCS44CL 





MHMCS44C ELECTRICAL CHARACTERISTICS (Vcc =5V + 10%) 
@ ABSOLUTE MAXIMUM RATINGS 
































Remarks 

Supply Voltage Vec —0.3 to +7.0 

_Terminal Voltage (1) [Vin [03 to Vec+0.3] | Except for terminals specified by Vrs 
Terminal Voltage (2) Viz | 0.3 to +10.0 Vv _ | Apeiieg te eniy open drain output ping, 
Maximum Total Output Current (1) [ —Slor | 45 | mA [NOTE 3) eee 
Maximum Total Output Current (2) Llo2z 45 mA {NOTE 3] 
Operating Temperature | Tor | -20to+75 | ct co a oo 
Storage Temperature : Tas i | -55 to + 125 ee Oe es 











|NOTE 1} Permanent LSI damage may occur if maximum ratings are exceeded. Normal operation should be under the conditions of “ELECTRICAL 
CHARACTERISTICS-1, -2.” if these conditions are exceeded, it could affect reliability of LSI. 
{NOTE 2| All voltages are with respect to GND. 


[NOTE 3] Maximum Total Output Current is total sum of output currents which can flow out (or flow in) simultaneously. 
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@ ELECTRICAL CHARACTERISTICS-1 (Vcc=5V+ 10%, Ta=—20 to +75) 



























































































































am Value ; 
Item Symbol Test Conditions Unit Note 
input “Low” Voltage Vit - : 
Input “High” Voltage (1) a Vins = Veow1.0l — Vec | Vv 7 anh 
Input “High” Voltage (2) Vin2 “Wee=t0 Vv 3 
Output “Low” Voltage VoL lo.=1.6mMA - Wiel ive. 
Output “High” Voltage (1) Von1 —lon=1.0mA V 4 
Output “High” Voltage (2) Vor2 —lon=0.01mMA Vv aa -_ 
Interrupt Input Hold Time tINT Ti 
Interrupt Input Fall Time tfINT he Po - - | 50 us _ 
Interrupt Input Rise Time triINT - = 50 | us io 
Output “High” Current lou | Von= 10V Ss an 3 uA 6 
Vin=0 to Vec 2 = 101 20 
Input Leakage Current tie + pA K——— 
{ Vin=O0 to 10V - fs a 3 ce 
Pull up MOS Current —Ip Vec=5V 60 250 uA 
Vin=Vec. _— | oo 
Supply Current (1) lec1 Ceramic Filter - - 2 mA 7 
Oscillation 
a Vin=Vec. a at =i ices 
Supply Current (2) lec2 Rr Oscillation, : : 1.0 mA 7 
External Clock Operation | = 
Standby |/O Leakage Current Its ALT =1.0V une te. ec : ue ne 
Vin=O to 10V ~ - | 3 uA 3,8 
Standby Supply Current TAT ens Vin=Vec, HLT =0.2V = _ 10 | uA 9 
External Clock Operation es a 
External Clock Frequency fep | 200 400 | 440 kHz — 
External Clock Duty Duty | 45 50 55 % i 
External Clock Rise Time trep mf (@) - a 0.2 us 
External Clock Fall Time top | al ae 0.2 we |! 
Instruction Cycle Time Tint | Tint =4/fop oa 10" i 20 | as 
Internal Clock Operation (Rr Oscillation) 
Clock Oscillation Frequency [ fosc Rr=91kQN+2% 300 | — 500 kHz | 
Instruction Cycle Time Tinst | Tinst=4/fose 8.0 =r - | 13.3 i‘ uS 7 | : 
internal Clock Operation (Ceramic Filter Oscillation) 7 
Clock Oscillation Frequency fosc | Ceramic Filter Circuit 392 408 kHz | 
Instruction Cycle Time Tinst Tinst=4/fose 




















[NOTE 1] All voltages are with respect to GND. 

[NOTE 2} This is applied to RESET, HLT, OSC:, INTo, INT; and the With Pull up MOS or CMOS type of 1/0 pins. 

[NOTE 3] This is applied to the Open Drain type of 1/0 pins. 

(NOTE 4] This is applied to the CMOS type of I/O or Output pins. 

[NOTE 5] This is applied to the With Pull up MOS or CMOS type of I/O or Output pins. 

[NOTE 6] This is applied to the Open Drain type of |/O or Output pins. 

(NOTE 7] 1/0 current is excluded. 

{NOTE 8] The Standby I/O Leakage Current is the 1/0 leakage current in the Halt and Disable State. 

[NOTE 9] 1/0 current is excluded. 
The Standby Supply Current is the supply current at Vec=5V+ 10% in the Halt State. The supply current in the case where the supply 
voltage falls to the Halt Duration Voltage is called the Halt Current (lox), and it is shown in “ELECTRICAL CHARACTERISTICS-2.” 
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HMCS44C, HMCS44CL 


@ ELECTRICAL CHARACTERISTICS-2 (Ta=—20 to +757) 


Reset and Halt 


Item 
Halt Duration Voltage 
Halt Current 


Halt Delay Time 
Operation Recovery Time 
HLT Falt Time 

HUT Rise Time 

HLT “Low” Hold Time 


Symbol 


Test Conditions 


Vin = Vec 


HUFORV 
lon 


HLT =0.2V,Von=2.3V 
too | —~—~—~—~sd:CiT CY 
tRC 
tfHLT 
trHLT 
tHLT 





R: Oscillation, External 


HLT “High” Hold Time 


Power Supply Rise Time 


Power Supply OFF Time 


RESET Pulse Width (1) 





RESET Pulse Width (2) 






Clock Operation 





tOPR 







Ceramic Filter 
Oscillation 
Built-in Reset, 
HLT=Vec 






Value 
min. 


N 
w 





0.1 


h 


° 








Built-in Reset, 


t — 
OFF HLT =Vec 








External Reset, 

Vec=4.5 to 5.5V,HLT=Vec 
(Re Oscillation, External 
Clock Operation) 

External Reset 

Vec=4.5 to 5.5V,HLT=Vee 
(Ceramic Filter 

Oscillation) 

External Reset 

Vec=4.5 to 5.5V,HLT=Vec 





tRST1 





tRST2 





RESET Rise Time 


RESET Fall Time 





[NOTE] All voltages are with respect to GND. 


@ ABSOLUTE MAXIMUM RATINGS 

Item 

Supply Voltage 

Terminal Voltage (1) 

Terminal Voltage (2) 

Maximum Total Output Current (1) 

Maximum Tota! Output Current (2) 

Operating Temperature 

Storage Temperature 


[NOTE 1] 

CHARACTERISTICS-1, -2.” 
[NOTE 2] 
[NOTE 3] 


Symbol Value Unit Remarks 

Vec —0.3 to +7.0 Vv 

Vii —0.3 to Vec+ 0.3 Vv Except for terminals specified by Vr2 

Vrz___ | -0.3 to +10.0 Ve 7] Series fo one oreere cco Sars 
[=e | 4B «| mA (Note 3 

Zloz 45 mA (Note 3) 
Topr —20 to +75 Cc 
Tstg —55 to +125 c 





External Reset 


t 
TRST  iVce=4'6 to 8.5VALT = Veo 


a 


£ 


Tinst 





WAS External Reset 20 
i Vec=4.5 to 5.5V, HLT=Vec 


@HMCS44CL ELECTRICAL CHARACTERISTICS (Vcc =2.5 to 5.5V) 
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Unit 


uA 


us 
us 
us 
us 
us 


ms 





ms 


us 


ms 


Permanent LSI damage may occur if maximum ratings are exceeded. Normal operation should be under the conditions of “ELECTRICAL 
If these conditions are exceeded, it could affect reliability of LSI. 
All voltages are with respect to GND. 
Maximum Totai Output Current is total sum of output currents which can flow out (or flow in) simultaneously. 


@ ELECTRICAL CHARACTERISTICS-1 (Vcc=2.5 to 5.5V, Ta=—20 to +757) 


Value . 
Item Symbol —{ Unit Note 





Input “Low” Voltage 


Test Conditions 


HMCS44C, HMCS44CL 





| max. 




































































Input “High” Voltage (1) Vint _ _| 0.85-Vec — Vec ‘t V 2 
Input “High” Voltage (2) Vin2 0.85-Vec — [ 10 Vv | 3 
Output “Low” Voltage Voi _[iec=0.4mA iyo = [04 |v 
Output “High” Voltage [Vow —lon=0.08mMA Veco —0.4 — a Vv 4 
Interrupt Input Hold Time tINT | 2-Tinst_| — — S| 
Interrupt Input Fall Time tfINT al 50 BS 
Interrupt Input Rise Time aH triINT I ao a 50 us 
Output “High” Current lox Von=10V — — 3 uA 5 
Input Leakage Current Ie isda ie Nee Es i — ie nA = 
Vin=0 to 10V “[ = = ia 3 | 3 
Pull-up MOS Current le | Veo=3V 10 = 80 uA 
i] Vin=Vec, Vec=3V eal, 
(fosc/fep=200kHz) 
Supply Curiant see Re Batiaieg, External 7 7 we He . 
Clock Operation 
Standby I/O Leakage Current lis Bee Mins yee = : 











Standby Supply Current 


External Clock Operation 


External Clock Duty 
External Clock Rise Time 


lccs 


=0.5V Vin=0 to 10V 


Vec=2.5 to 3.5V 


ALT =0.1V] Vec=2.5 to 5.5V — 
















+ 




















External Clock Fall Time | __tfep i Oo ait a's 0.2 | 
Instruction Cycle Time Tinst Tinst=4/fep 16.8 20 30.8 
Internal Clock Operation (Ri Oscillation) 
Rapes nes ho nate Cae eanann seed Me ene ere yaaa Rea a oe 
pelea 130 = 250 
Clock Oscillati F f Vec=2.5 to 3.5V kHz 
ock Oscillation Frequency osc i. - -— + 
= k 9 
Re = 180kN+2% 130 " 350 
| | Vec=2.5 to 5.5V = 
Tinst=4/fose, 16 = 30.8 
. eg Vec=2.5 to 3.5V 
Instruction Cycle Time Tinst rT ry + —j 4s 
nn = 8 /lose: 11.4 = 30.8 








Vec=2.5 to 5.5V 

















|INOTE 1] All voltages are with respect to GND. 
|NOTE 2] This is applied to RESET, HLT, OSC, INTo, INT: and the With Pull up MOS or CMOS type of 1/0 pins. 
|NOTE 3] This is applied to the Open Drain type of 1/0 pins. 

[NOTE 4] This is applied to the CMOS type of |/O or Output pins. 
[NOTE 5] This is applied to the Open Drain type of 1/0 or Output pins. 


[NOTE 6] 1! O current is excluded. 


|NOTE 7] The Standby ! O Leakage Current is the | /O leakage current in the Halt and Disable State. 


(NOTE 8] 1! O current is excluded. 


The Standby Supply Current is the supply current at Veg = 2.5V to 5.5V in the Halt State. The supply current in the case where the supply 
voltage falls to the Halt Duration Voltage is called the Halt Current (lox), and it is shown in “ELECTRICAL CHARACTERISTICS-2.” 
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e@ ELECTRICAL CHARACTERISTICS-2 (Ta=—20 to +75) 
Reset and Halt 











































Item Symbol Test Conditions Yeu Unit 
| min [max 
Halt Duration Voltage Vox HLT =0.2V | - | Vv 
Halt Current hy) Vin= Voc. HLT =0.1V uA 
Halt Delay Time tHD “us 
Operation Recovery Time tRC BS 
HLT “Low” Hold Time tHLT us 
Rr Oscillation, External 
HUT “High” Hold Time tOPR Clock Operation ms 
Vec= 2.5 to 5.5V 
External Reset, 
, Vec=2.5 to 5.5V, HLT=Vec 
RESET Pure marn tt) er (Rt Oscillation, External 1" 
Clock Operation) 
External Reset, 
RESET Pulse Width (2) tRST2 | Vec=2.5 to 5.5V KS 
HLT =Vec 
RESET Fall Time wast [ACT=Vec—SSS*iSC SiC 
RESET ise Time trast [AUT=Vec Si ~S iL 


[NOTE] All voltages are with respect to GND. 


m SIGNAL DESCRIPTION 


The input and output signals for the HMCS44C, shown in 


PIN ARRANGEMENT, are described in the following para- 
graphs. 


e Vec and GND 


Power is supplied to the HMCS44C using these two pins. Voc 


is power and GND is the ground connection. 


@ RESET 


This pin allows resetting of the HMCS44C at times other than 


the automatic resetting capability (ACL; Built-in Reset Circuit) 
already in the HMCS44C. 


The HMCS44C can be reset by pulling RESET high. Refer to 


RESET FUNCTION for additional information. 


@ OSC, and OSC, 


These pins provide control input for the built-in oscillator cir- 


cuit. Resistor and capacitor, ceramic filter circuit, or an external 
oscillator can be connectec to these pins to provide a system 
clock with various degrees of stability/cost tradeoffs. 


Lead length and stray capacitance on these two pins should be 


minimized. Refer to OSCILLATOR for recommendations about 
these pins. 


© HLT 


This pin is used to place the HMCS44C in the Halt State. 
Refer to HALT FUNCTION for details of the Halt Mode. 


@ TEST 


This pin is not for user application and must be connected to 


Vcc. 


© INT, and INT, 

These pins provide the capability for asynchronously applying 
external interrupts to the HMCS44C. 

Refer to INTERRUPTS for additional information. 


© Roo to Rog, Rip to Ria, Rao to Rg Rao to Rag 

These 16 lines are arranged into four 4-bit Data Input/Output 
Common Channels. 

The 4-bit registers (Data I/O Register) are attached to these 
channels. Each channel is directly addressed by the operand of 
input/output instruction. Refer to INPUT/OUTPUT for addi- 
tional information. 


® D,toD,, 

These lines are 16 1-bit Discrete Input/Output Common Pins. 
The 1-bit latches are attached to these pins. Each pin is addressed 
by the Y register. The D, to D, pins are also addressed directly 
by the operand of input/output instruction. Refer to INPUT/ 
OUTPUT for additional information. 


a ROM 
@ ROM Address Space 

ROM is used as a memory for the instructions and the pat- 
terns (constants). The instruction used in the HMCS44C consists 
of 10 bits. These 10 bits are called ‘‘a word”’, which is a unit for 
writing into ROM. 

The ROM address is composed of the program area (0 page 
to 31 page) and the pattern area (61, 62 page) (64 words/page). 

The ROM capacity is 2,176 words (1 word = 10 bits) in all. 

Only the program area can contain both the instructions and 
the patterns (constants). 

The ROM address space is shown in Figure 1. 
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64 words 
1F OF 07———- 3D 3E 3F (Hexa-decimal) 


Timer/counter Interrupt Address (0 page 3F address) 
Input interrupt Address(1 page 3F address) 





Program Area 






30 page 





31 page 
| 64 words Reset Address (31 page 3F address) 
1F OF 07 ——— 3D 3E 3F (Hexa-decimal) 
61 page 
62 page 
Figure 1 ROM Address Space 
@ Program Counter (PC) Once a certain value is loaded into a page part, the content is 
The program counter is used for addressing of ROM. It con- unchanged until other value is loaded by the program. The setta- 
sists of the page part and the address part as shown in Figure 2. ble value of a page part is any number between 0 to 31. 


The address part is a 6-bit polynomial counter and counts up 
for each instruction cycle time. The sequence in the decimal and 
hexa-decimal system is shown in Table 1. This sequence is cir- 
PCio PCy PCe PCy PCe | PCs PCa PC3 PC2 PC: PCo culating and has neither the starting nor ending point. It doesn’t 
generate an overflow carry. Consequently, the program on a 
same page is executed in order unless the value of the page part 
Figure 2 Configuration of Program Counter is changed. 


Page Part Address Part 








Table 1 Program Counter Address Part Sequence 


































































Decimal Hexadecimal Decimal Hexadecimal Decimal Hexadecimal 

63 3F 05 
62 3E OB 
61 3D 17 38 26 
59 38 2E 12 oc 
55 37 1C 25 19 
47 2F 56 38 50 32 
30 1E 49 31 37 25 
60 3C 35 23 10 OA 
57 39 6 06 21 15 
51 33 13 oD 42 2A 
39 27 27 18 20 14 
14 OE 54 36 40 28 
29 1D 45 2D 16 10 
58 3A 26 1A 32 20 
53 35 52 34 0 00 
43 2B 41 29 1 01 
22 16 18 12 3 03 
44 2c 36 24 7 07 
24 18 8 08 15 OF 
48 30 17 11 31 1F 
33 21 22 

2 02 04 
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® Designation of ROM Address and ROM Code 

The page part of the ROM address is represented by decimal 
and the address part is divided into 2 parts (2 bits and 4 bits) and 
represented by hexa-decimal. 

One word (10 bits) is divided into three parts (2 bits, 4 bits 
and 4 bits from the most significant bit O,,) and represented by 
hexadecimal. The examples are shown in Figure 3. 


(a) ROM Address 


pe Part = Address Va 


Address : 
20 page 
aa edie Hom AL Hexa-decimal =) 


decimal 


(b) ROM Code 





O10 01 


ROM Pattern, 
(0) 1 1 (0) 1 1 (0) 1 (0) 1 


L Hexa- AL Hexa-decimal a = Hexa-decimal = 


decimal 


Figure 3. Designation of ROM Address and ROM Code 


w PATTERN GENERATION 

The pattern (constants) can be accessed by the pattern in- 
struction (P). The pattern can be written in any address of the 
ROM address space. 


Page Part 





(PC) 


Data for r 
Modification) | 


2 


Referred 
ion Address 


=F 
Ro] 


26 Sarl 


Object Code : 1B5 


PCi9o PCg PCa PC7 PC. 


PCIe PCa "PCa “PCy PTS 


\ 
| 
atP1,+Po,+C ,+B3,+B2, 2. ot a 





© Reference 

ROM addressing for reference of the patterns is achieved by 
modifying the program counter with the accumulator, the B reg- 
ister, the Carry F/F and the operand p. Figure 4 shows how to 
modify the program counter. The address part is replaced with 
the accumulator and the lower 2 bits of B register, while the page 


-part is ORed with the upper 2 bits of B register, the Carry F/F 


and the operand p (po, pi). The upper bit (pz) of the operand is 
for referring to the pattern area. 

The value of the operand p is 0 to 7. 

The content of the program counter is only modified ap- 
parently and is not changed. Then the address is counted up after 
the execution of the pattern instruction and the next instruction 
is executed. 

The execution time of this instruction is 2-cycle time. 

Even when interrupt is enable, interrupt is disabled in the sec- 
ond cycle of the pattern instruction. However, the interrupt re- 
quest is latched into the interrupt request F/F. 


® Generation 

The pattern of referred ROM address is generated as the fol- 
lowing two ways: 
(i) The pattern is loaded into the accumulator and B register. 
(ii)The pattern is loaded into the Data I/O registers R2 and R3. 

Selection is determined by the command bits (O,, O,,) in the 
pattern. 

Mode (i) is performed when O, is ‘1’? and mode (ii) is per- 
formed when O,, is ‘1’. . 

Mode (i) and mode (ii) are simultaneously performed when 
both O, and O,, are ‘“‘1”’. 

The correspondence of each bit of the pattern is shown in 
Figure 5. 

Examples of the pattern instruction usage is shown in Table 2. 


Address Part 


PCs PCa PC3 PC2 PC, PCo 


Bs Bz B; Bo|Azs Az Ai Ao 
pee ie are ee 


oe Dineen Comer Cana: em ae mea | 


B, Bo Az A2 Ai Ao 


Figure 4 ROM Addressing for Pattern Generation 


O10 Og Os O7 Os Os Oa O3 O2 01 ROM Pattern 


FASS STA 


I 
I 
L 


ae senesene 
1 B3 B2 By Bo Ao Ar Az A3 
eos 
Sloe 
1 R20 = Rar Raz_s«#R2s_ | R30 Ra1_—«#R32_—Sé«Rg3._: | Loaded into R2 and R3 registers 


Loaded into Accumulator 
and B register 


Figure 5 Correspondence of Each Bit of Pattern 
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Table 2 Example of Pattern Instruction Usage 


Referred 
ROM 
Address 


Before Execution 
PC Value 





After Execution 





Pattern 














“0/1” means that either “O” or “1” will do. 


= BRANCH 

ROM is accessed according to the program counter sequence 
and the program is executed. In order to jump to any address out 
of the sequence, there are four ways. 

They are explained in the following paragraphs. 


® BR 

By BR instruction, the program branches to an address in the 
current page. 

The lower 6 bits of ROM Object Code (operand a, O, to O,) 
are transferred to the lower 6 bits of the program counter. This 
instruction is a conditional instruction and executed only when 
the Status F/F is ‘‘1”’. If it is ‘0’’, the instruction is skipped and 
the Status F/F becomes ‘‘1”’. The operation is shown in Figure 
6. 


@ LPU 

By LPU instruction, the jump of page is performed. 

The lower 5 bits of the ROM Object Code (operand u) are 
transferred to the page part of the program counter with a delay 
of 1 instruction cycle time. Therefore, the cycle just after the 
issuing of this instruction is on the same page and the page jump 
is performed at the next cycle. 

This instruction is a conditional instruction and performed 
only when the Status is “1”. But the Status is unchanged (re- 
mains ‘‘0’’) even if it is skipped. The operation is shown in 
Figure 7. 


Oe —™_ 0 


PC Address Part 


Figure 6 BR Operation 


Page Part 





PCi0 ~PCg 


(PC) PCa PC, 


Data for f P2 
ces Feet 
Modification | (0) | 


PC? 
+B3 


PCip PCs 
+Ppi , +Po 


PCs 


(Modified PC) 
+C 


PCe 


PCe5 
+Bz2 








" means that the value is unchanged after the execution. 


Os —~_ 01 
delay by 
1-cycle time 
PC Address Part 
Figure 7 LPU Operation 
e@ BRL 
By BRL instruction, the program branches to an address in 

any page. 


This instruction is a macro instruction of LPU and BR in- 
structions, which is divided into two instructions as follows. 


BRL a—b—LPU a 
<Jump to b address on a page> BR b 


BRL instruction is a conditional instruction because of charac- 
teristics of LPU and BR instructions, and is executed only when 
the Status F/F is ‘‘1’’. If the Status F/F is ‘°0’’, the instruction is 
skipped and the Status F/F becomes ‘‘1”’. 


@ TBR (Table Branch) 

By TBR instruction, the program branches by the table. 

The program counter is modified with the accumulator, the B 
register, the Carry F/F, the operand p. The method for modifica- 
tion is shown in Figure 8. : 

The accumulator and the lower 2 bits of B register are as- 
signed into the address part of the program counter. The upper 2 
bits of B register, Carry F/F, and the operand pi, po are ORed 
with the page part of the program counter. 

TBR instruction is executed regardless of the Status F/F, and 
does not affect the Status F/F. 


Address Part 


PCs PCa PC3 


Figure 8 Modification of Program Counter by TBR Instruction 
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@ SUBROUTINE JUMP 
There are two types of subroutine jumps. They are explained 
in the following paragraphs. 


@ CAL 

By CAL instruction, subroutine jump to an address in the 
Subroutine Page. 

The Subroutine Page is 0 page. 

The address next to CAL instruction address is pushed onto 
the stack ST1 and the contents of the stacks ST1, ST2 and ST3 
are pushed onto the stacks ST2, ST3 and ST4 respectively as 
shown in Figure 9. 


Cz!Sa nana 


‘TL 


PC itilt | Page Part | Address Part 


HELIA TTT [ree 
{| SEOUROEAaee 


°o 


S$T2 


bididi 4 


ST3 


Heidi ttt itt 
sT4 


Figure 9 Subroutine Jump Stacking Order 


The page part of the program counter is 0. The lower 6 bits 
(operand a, O, to O,) of the ROM Object Code is transferred to 
the address part of the program counter. 

The HMCS44C has 4 levels of stack (ST1, ST2, ST3 and 
ST4) which allows the programmer to use up to 4 levels of sub- 
routine jumps (including interrupts). 

CAL is a conditional instruction and executed only when the 
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Status F/F is ‘1°’. If the Status F/F is ‘‘0’’, it is skipped and the 
Status F/F changes to ‘‘1”’. 


@ CALL 

By CALL instruction, subroutine jump to an address in any 
page. 

Subroutine jump to any address can be implemented by the 
subroutine jump to the page specified by LPU instruction. 

This instruction is a macro instruction of LPU and CAL in- 
structions, which is divided into two instructions as follows. 


CALL a—b-—LPU a 
< Subroutine jump to b address on a page> CAL b 


CALL instruction is conditional because of characteristics of 
LPU and CAL instructions and is executed when the Status F/F 
is ‘‘1”’. If the Status F/F is ‘‘0”’, it is skipped and the Status F/F 
changes to ‘‘1”’. 


mw RAM 

RAM is a memory used for storing data and saving the con- 
tents of the registers. Its capacity is 160 digits (640 bits) where 
one digit consists of 4 bits. 

Addressing of RAM is performed by a matrix of the file No. 
and the digit No. 

The file No. is set in the X register and the digit No. in the Y 
register for reading, writing or testing. Specific digits in RAM can 
be addressed not via the X register and Y register. These digits 
are called ‘‘“Memory Register (MR)”’’, 0 to 15 (16 digits in all). 
The memory register can be exchanged with the accumulator by 
XAMR instruction. 

The RAM address space is shown in Figure 10. 

In an instruction in which reading from RAM and writing to 
RAM coexist (exchange between RAM and the register), reading 
precedes writing and the write data does not affect the read data. 

The RAM bit manipulation instruction enables any addressed 
RAM bit to be set, reset or tested. The bit assignment is speci- 
fied by the operand n of the instruction. 

The bit test makes the Status F/F ‘1’? and makes it ‘‘0” 
when the assigned bit is ‘‘0”’. 

Correspondence between the RAM bit and the operand n is 
shown in Figure 11. 
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*O | — digit No. 





















































n=Bit assignment No. 
































* The file 8 is selected when X register has any value in 8 to 11, and the file 
9 is selected when 12 to 15. 


Figure 10 RAM Address Space 


M(0) 


M(1) 


M(2) 


M(3) 


RAM Bit and Operand n 


w REGISTER 
The HMCS44C has six 4-bit registers and two 1-bit registers 


available to the programmer. The 1-bit registers are the Carry F/ 
F and the Status F/F. They are explained in the following para- 


graphs. 


® Status F/F (S) 

The Status F/F latches the result of logical or arithmetic oper- 
ations (Not Zero, Overflow) and bit test operations. The Status 
F/F affects conditional instructions (LPU, BR and CAL instruc- 
tions). These instructions are executed only when the Status F/F 
is ‘1°’. If it is ‘0’, these instructions are skipped and the Status 


F/F becomes ‘‘1”’. 
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® Accumulator (A; A Register) and Carry F/F (C) 

The result of the Arithmetic Logic Unit (ALU) operation (4 
bits) and the overflow of the ALU are loaded into the accumula- 
tor and the Carry F/F. The Carry F/F can be set, reset or tested. 
Combination of the accumulator and the Carry F/F can be right 
or left rotated. The accumulator is the main register for ALU op- 
eration and the Carry F/F is used to store the overflow generated 
by ALU operation when the calculation of two or more digits (4 
bits/digit) is performed. 


© B Register (B) 

The result of ALU operation (4 bits) is loaded into this regis- 
ter. The B register is used as a sub-accumulator to stack data 
temporarily and also used as a counter. 


© X Register (X) 

The result of ALU operation (4 bits) is loaded into this regis- 
ter. The X register has exchangeability for the SPX register. The 
X register addresses the RAM file and is composed of 4-bit regis- 
ter. 


© SPX Register (SPX) 

The SPX register has exchangeability for the X register. 

The SPX register is used to stack the X register and expand 
the addressing system of RAM in combination with the X regis- 
ter. It is composed of 4-bit register. 


@ Y Register (Y) 

The result of ALU operation (4 bits) is loaded into this regis- 
ter. The Y register has exchangeability for the SPY register. The 
Y register can calculate itself simultaneously with transferring 
data by the bus lines, which is usable for the calculation of two 
or more digits (4 bits/digit). The Y register addresses the RAM 
digit and 1-bit Discrete I/O. 


© SPY Register (SPY) 

The SPY register has exchangeability for the Y register. The 
SPY register is used to stack the Y register and expand the ad- 
dressing system of RAM and I-bit Discrete I/O in combination 
with the Y register. 


One Instruction 
Cycle 


LRA, LRB 
Instruction 


P 
Instruction 


LAR, LBR 
Instruction 


Figure 13 


®@ 1-bit Discrete Input/Output Common Terminals (D) 

The HMCS44C has 16 1-bit Discrete I/O Common Terminals. 

The 1-bit Discrete I/O Common Terminal consists of a 1-bit 
latch and an I/O common pin. 

The 1-bit Discrete I/O is addressed by the Y register. The ad- 
dressed latch can be set or reset by output instruction and ‘‘0” 








@ INPUT/OUTPUT 
® 4-bit Data Input/Output Channel! (R) 

The HMCS44C has four 4-bit Data 1/0 Common Channels 
(RO, R1, R2, R3). 

The 4-bit registers (Data I/O Register) are attached to R1, R2 
and R3 channels. 

Each channel is directly addressed by the operand p of input/ 
output instruction. 

The data is transferred from the accumulator and the B regis- 
ter to the Data I/O Registers RO to R3 via the bus lines. Pattern 
instruction enables the patterns of ROM to be taken into the 
Data I/O Registers R2 and R3. 

Input instruction enables the 4-bit data to be sent to the ac- 
cumulator and the B register from RO to R3. Note that, since the 
Data I/O Register output is directly connected to the pin even 
during execution of input instruction, the input data is wired 
logic of the Data I/O Register output and the pin input. 

Therefore, the Data I/O Register should be set to 15 (all bits 
of the Data I/O Register is ‘‘1”’) not to affect the pin input be- 
fore execution of input instruction. 

The block diagram is shown in Figure 12. The I/O timing is 
shown in Figure 13. 


Output Function 


Data 





120 21 22 231 
Reset Function ? 


Figure 12 4-bit Data I/O Block Diagram 


Rn Output 
So 
Pattern Instruction (second cycle) a 


Rn Input 
Instruction 


Rn Sampling Clock 


4-bit Data 1/0 Timing 
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and ‘‘t”’ a level can be tested with the addressed pin by input in- 
struction. 

Note that, since the latch output is directly connected to the 
pin even during execution of input instruction, the input data is 
wired logic of the latch output and the pin input. Therefore, the 
latch should be set to ‘‘1”’ not to affect the pin input before ex- 
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ecution of input instruction. Set Signal by the reset function 
The D, to D, terminals are also addressed directly by the op- 

erand n of input/output instruction and can be set or reset. 
The block diagram is shown in Figure 14 and the I/O timing Set Instruction 

is shown in Figure 15. Reset Instruction 





Figure 14 1-bit Discrete 1/O Block Diagram 


One Instruction Cycle 


a fe esl 
Dn Set/Reset 
Instruction Sea Eee eee 


LOn(LSi pin) © fd 









SED, RED,SEDD, 
REDD instruction 





Od 
TD Dn est 
Dn Sampling 
Clock 


Figure 15 1-bit Discrete 1/O Timing 


@ 1/0 Configuration Open Drain and With Pull up MOS using a mask option as 
The I/O configuration of each pin can be specified among shown in Figure 16. 


Applied Pins ; Do to Dis, Roo to Ros, Rio to R13, Reo to R23, R30 to R33 


No Pull up MOS With Pulf up MOS (PMOS) CMOS 
(Open Drain) 
Vec Vec 








an 






PMOS 1/0 Enepe = PMOS i 
i i 1/0 Enable 
NMOS 
Hn cal NMOS 
Input circuit input circuit 
NMOS of 
1/0 Enable 
1/0 Enable 
* When “Disable” is specified for the |/O State at the Halt State, 
the 1/0 Enable signal shown in the figure turns off the input circuit, 
Pull up MOS and NMOS output and sets CMOS output to high 
impedance (PMOS, NMOS; OFF). 
Figure 16 !/O Configuration 
a TIMER/COUNTER F becomes ‘‘1”’. If the overflow output pulse is generated when 
The timer/counter consists of the 4-bit counter and the 6-bit the TF F/F is set (‘1°’), no interrupt request occurs. The TTF 
prescaler as shown in Figure 17. The 4-bit counter may be loaded instruction enables the TF F/F to be tested. 
under program control and is incremented toward 15 by the pre- The prescaler is a 6-bit frequency divider. It divides a system 
scaler overflow output pulse or the input pulse of INT, pin (its clock (instruction frequency) by 64 into the overflow output 
leading edge is counted). The clock input to the counter is pulses of ‘instruction frequency + 64”. 
selected by the CF F/F. When the CF F/F is ‘‘0”, the clock The prescaler is cleared when data is loaded into the counter 
input is the prescaler overflow output pulse (Timer Mode). (by LTA or LTI instruction). The frequency division is 0 when 
When the CF F/F is ‘‘1”’, the clock input is the input pulse of the prescaler is cleared. At the 64th clock, an overflow output 
INT, pin (Counter Mode). When the counter reaches zero (re- pulse is generated from the prescaler. During operation of the 
turns from 15 to zero), the overflow output pulse is generated LSI, the prescaler is operating and cannot be stopped. The rela- 
and the counter continues to count (14 —~— 15 —-0-—-1— 2 tion between the specified value of the counter and specified time 
cise 6 : in the Timer Mode is shown in Table 3. 
The TF F/F is a flip-flop which masks interrupts from the The pulse width of the INT, pin in the Counter Mode must 
timer/counter. It can be set and reset by interrupt instruction. If be at least 2-cycle time for both ‘‘High’’ and ‘‘Low”’ levels as 
the overflow output pulse of the counter is generated when the shown in Figure 18. 


TF F/F is reset (‘‘0’’), an interrupt request occurs and the TF F/ 
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Data Bus 






TF: Set has priority over the reset. 


Interrupt request of Timer/Counter 





Clear 






100/64kHz typ. 


6-bit prescaler 


INT; Pulse 


Clock 
(100kHz typ. 
Instruction 
Frequency) 


Figure 17 Timer/Counter Block Diagram 


Table 3. Timer Range 























Time (ms) Time (ms) 
Value cycles Value cycles 
0) 1,024 10.24 | 8 512 5.12 
1 960 9.60 | 9 448 4.48 
2 896 [: 8.96 | 10 384 3.84 
3 832 r 8.32 | 11 320 3.20 
4 768 7.68 | 12 256 2.56 
5 704 7.04 13 192 1.92 
6 640 | 640 ~~ | 14 128 1.28 
7 576 5.76 | 15 | 64 0.64 


(NOTE] Time is based on instruction frequency 100kHz. 





{one instruction cycle = 10,s} 








Figure 18 The Pulse Width of the INT; pin in 
the Counter Mode 


a INTERRUPT 

The HMCS44C can be interrupted in two different ways: 
through the external interrupt input pins (INT,, INT,) and the 
timer/counter interrupt request. When any interrupt occurs, pro- 
cessing is suspended, the Status F/F is unchanged, the present 
program counter is pushed onto the stack ST1 and the contents 
of the stacks ST1, ST2 and ST3 are pushed onto the stacks ST2, 
ST3 and ST4 respectively. At that time, the Interrupt Enable F/F 
(I/E) is set and the address jumps to a fixed destination (Inter- 
rupt Address), and then the interrupt routine is executed. Stack- 
ing the registers other than the program counter must be per- 
formed by the program. The interrupt routine must end with 
RTNI (Return Interrupt) instruction which sets the I/E F/F si- 
multaneously with the RTN instruction. 

The Interrupt Address: 

Input Interrupt Address ..... 
1 Page 3F Address 
Timer/Counter Interrupt Address ..... 
0 Page 3F Address 

The input interrupt has priority over the timer/counter inter- 
rupt. 

The INT, and INT, pin have an interrupt request function. 


52 


Each terminal consists of a circuit which generates leading 
pulse and the interrupt mask F/F (IFO, IF1). An interrupt is 
enabled (unmasked) when the IFO F/F or IF1 F/F is reset. 
When the INT, or INT, pin changes from ‘‘0” to ‘1°? (from 
“Low” level to ‘‘High” level), a leading pulse is generated to 
produce an interrupt request. At the same time, the IFO F/F or 
IF1 F/F is set. When the IFO F/F or IF1 F/F is set, the interrupt 
masking for the pin will result. (If a leading pulse is generated, 
no interrupt request occurs.) ; 

An interrupt request generated by the leading pulse is latched 
into the input interrupt request F/F (I/RI) on the input side. If 
the Interrupt Enable F/F (I/E) is ‘“‘1’’ (Interrupt Enable State), 
an interrupt occurs immediately and the I/RI F/F and the I/E F/ 
F are reset. If the I/E F/F is ‘‘0”’ (interrupt Disable State), the I/ 
RI F/F is held at ‘‘1”’ until the HMCS44C gets into the Interrupt 
Enable State. 

The IFO F/F, the IFi F/F, the INT, pin and the INT, pin can 
be tested by interrupt instruction. Therefore, the INT, and the 
INT, can be used as additional input pins with latches. 

The INT, pin and INT, pin can be provided with Pull up 
MOS using a mask option as shown in Figure 19. 

An interrupt request from the timer/counter is latched into 
the timer interrupt request F/F (I/RT). The succeeding opera- 
tions are the same as an interrupt from the input. Only the ex- 
ception is that, since an interrupt from the input precedes a 
timer/counter interrupt, the input interrupt occurs if both the I/ 
RI F/F and the I/RT F/F are ‘‘1” (when the input interrupt and 
the timer/counter interrupts are generated simultaneously). Dur- 
ing this processing, the I/RT F/F remains ‘‘1”’. The timer/coun- 
ter interrupt can be implemented after the input interrupt pro- 
cessing is achieved. 

The interrupt circuit block diagram is shown in Figure 20. 
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No Pull up MOS With Pull up MOS (PMOS) 
_ Vee _ Vec 1/0 ay Nee. 
1/0 Enable —f 7 Enable—e| 
PMOS | 
' 1/0 Enable PMOS | EMS 
H y \ 
| | | l 
] 
| 
| ! | : 
t 
NMOS ! NMOS 
{ i ; | 
| | | 
c L 


slnput circuit _ input circuit 


* When “Disable” is specified for the 1/O State at the Halt State, 
the 1/0 Enable signal shown in the figure turns off the input circuit and 
Pull up MOS. 


Figure 19 Configuration of INTo and INT; 







INT; 
INTo 
Interrupt 
Request 
of Timer /Counter 
IFO, IF1 : Set has priority over reset. 
Figure 20 Interrupt Circuit Block Diagram 
gw RESET FUNCTION reset function. 
The reset is performed by setting the RESET pin to ‘‘1” + Program Counter (PC) is set to 3F address on 31 page (31- 
(‘‘High”’ level) and the HMCS44C gets into operation by setting 3F). 
it to “0” (‘‘Low”’ level). Refer to Figure 21. Moreover, the - I/RI, I/RT, I/E and CF are reset to ‘‘0’’. 
HMCS44C has the automatic reset function (ACL; Built-in Reset - IFO, IF1 and TF are set to ‘‘1”’. 
Circuit). The Built-in Reset Circuit restricts the rise condition of - Reset/Set of I/O latch and register (D, to D,,, RO to R6) are 
the power supply. Refer to Figure 22. When the Built-in Reset set to “‘1’. 
Circuit is used, RESET should be connected to Vgg. Note that other blocks (Status, Register, Timer/Counter, 
Internal state of the HMCS44C are specified as follows by the RAM, etc.) are not cleared. 


(Reset State) (Reset State) 









Vec=HUT 





(Operating 


Vec State) 






*trsT1 includes the time required from the power ON until the operation gets 
into the constant state. 
* tRST2 is applied when the operation is in the constant state. 


Figure 21 RESET Timing 
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ALT =Ve¢ 
RESET=GND 


Vee 








torr specifies the period when the power supply is OFF in the case that a short break 
of the power supply occurs and the power supply ON/OFF is repeated. 


Figure 22 Power Supply Timing for Built-in Reset Circuit 


ms HALT FUNCTION 

When the HLT pin is set to ‘‘0” (‘‘Low’”’ level), the internal 
clock stops and all the internal statuses (RAM, the Registers, the 
Carry F/F, the Status F/F, the Program Counter, and all the in- 
ternal statuses) are held. Because all internal logic operation stop, 
power consumption is reduced. There are two input/output 
statuses in the Halt State. The user should specify either ‘‘En- 
able’’ or ‘“‘Disable”’ using a mask option at the time of ordering 
ROM. 


**Enable”’ Output........ The Status before the Halt State 
is held. 
Pull up MOS. ..ON 


Input.......... No relation to ‘‘Halt’’ 

Since Pull up MOS is ON, Pull up MOS current 
flows with output ‘‘0” (‘‘Low” level) in the Halt 
State (NMOS;ON). When an input signal changes, 
transmission current flows into an input circuit. 
Also, current flows into Pull up MOS. These cur- 


Vee 


rents are added to the Stand-by Supply Current 
(or Halt Current). 


*‘Disable”’ Output........ High Impedance 
(NMOS, PMOS: OFF) 
Pull up MOS... OFF 
Input Circuit: OFF 
Both input and output are at high impedance 
state. Since an input circuit is OFF, any current 
other than the Stand-by Supply Current (or Halt 
Current) does not flow even if an input signal 
changes. 
When the HLT pin is set to “‘1”’ (‘‘High”’ level), the HMCS- 


44C gets into operation from the status just before the Halt State. 
The halt timing is shown in Figure 23. 


CAUTION 
If, during the Halt State, the external reset input is applied 
(RESET = “1” (‘‘High”’ level)), the internal status is not held. 





Figure 23 Halt Timing 
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e@ OSCILLATOR 

The HMCS44C contains its own oscillator and frequency di- 
vider (CPG). The user can obtain the desired timing for opera- 
tion of the LSI by merely connecting an resistor Rf or ceramic 
filter circuit (Internal Clock Operation). 


HMCS44C, HMCS44CL 


The OSC, clock frequency is internally divided by four to pro- 
duce the internal system clocks. 

The user may exchange the external parts for the same LSI to 
select either of these two operational modes as shown in Figure 
24. There is no need of specifying it by using the mask option. 


(a) Internal Clock Operation Using Resistor Rr 


ec Wiring of OSC; and OSC2 terminals should be as short as 


Re possible because the oscillation frequency is 


modified by capacitance of these terminals. 
OSC2 


(b) Internal Clock Operation Using Ceramic Filter Circuit (Built-in CPG ; Ceramic Fitter Oscillator) 
(This is not applied to HMCS44CL.) 


Cy 
Ose, Ceramic Filter : CSB400P (MURATA) 
core Rr: IMQ+10% 
Paey C2 Ci : 2200pF + 10% (ceramic capacitor) 
OSC2 C2 : 470pF + 10% (ceramic capacitor) 
GND 
Ci 
Osc, Ceramic Filter : FCR-400K (TDK) 
elas = Rr: 1MQ+10% 
ae C2 Ci : 1000pF + 10% (ceramic capacitor) 


OSC2 C2 : 1000pF + 10% (ceramic capacitor) 


The ceramic filter oscillation does not apply when using “Halt” and 
not resetting at the time of “Halt” cancellation. 

This circuit is the example of the typical use. As the oscillation 
characteristics is not guaranteed, please consider and examine the 
circuit constants carefully on your application. 


(c) External Clock Operation (External CPG) 








Vin 
2.5V 
Viv 
Duty= T__ x 100% 
Tht+Th 


Figure 24 Clock Operation Mode 
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@ INSTRUCTION LIST 


The instructions of the HMCS44C are listed according to their 


functions, as shown in Table 4. 


Group 


Register - Register 
Instruction 


RAM Address Register 
Instruction 


RAM - Register 
Instruction 


Table 4 Instruction List 
















BoA 

A-B 

Y-A 

SPX —-A 

SPY-A 

A = MR (m) 

A—xX 

A-Y 

i-X 

iY 

Y+1—-Y 

Y-1-Y 

Y+tA—-Y 

Y-A-—Y 

X «+ SPX 

Y «+ SPY 

X << SPX, Y+« SPY 
M — A (XY ~ SPXY) 
M — B (XY — SPXY) 
M =A (XY ~ SPXY) 
M + B (XY — SPXY) 
A—M, Y+1 — Y (X @ SPX) 
A-—M, Y-1 > Y(X © SPX) 





















LAM (XY) 
LBM (XY) 
XMA (XY) 
XMB (XY) 
LMAIY (X) 
LMADY (X) 










Immediate Transfer 
Instruction 


Arithmetic Instruction 







LMIIY i 
LAI i 
LBI i 


i-M, Y+1-Y 
ivA 
i-B 











Status 


NZ 
NB 


NB 


NZ 
NB 
NZ 





At+i—A 
B+1—8B 
B-1—B8B 
M+A+C (F/F) ~ A 

M—A-—C (F/F) -A 

M+A—-A 

Decimal Adjustment (Addition) 
Decimal Adjustment (Subtraction) 
A+1—A 

B-B 

“1" + C (F/F) 

“O” = C (F/F) 

Test C (F/F) 

Rotation Left 

Rotation Right 

AUB-—A 
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C (F/F) 


(to be continued) 
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Group Mnemonic Function Status 
MNEI i [  M# i NZ 
YNEL i Y#i NZ 
ANEM A+M NZ 
Compare Instruction BNEM B+tM NZ 
ALEl i Asi NB 
ALEM ASM NB 
BLEM B=smMm NB 
RAM Bit Manipulation mee ae 
Instruction REM vee 
Tin Test M (n) _| Min) 
BR a Branch on Status 1 1 
ROM Address CAL a Subroutine Jump on Status 1 1 
atruciion LPU u Load Program Counter Upper on Status 1 
TBR p Table Branch 
RTN Return from Subroutine 
—_ 
SEIE “1” + VE 
SEIFO “1” — IFO 
SEIF1 “1” —> IF1 
SETF “1" += TF 
SECF “1" > CF 
REIE “O" += IVE 
REIFO “Oo” — IFO 
REIF1 “Oo” = IF1 
RETF “0” + TF 
Interrupt instruction RECF “0” — CF 
TIO Test INTo INTo 
TH Test INT: INT, 
TIFO Test IFO iFO 
TIF1 Test IF 1 IF 1 
TTF Test TF TF 
LTli i — Timer/Counter 
LTA A — Timer /Counter 
LAT Timer/Counter — A 
RTNI Return Interrupt | 
SED por spy 
RED “0” + D(Y) 
TD Test D (Y) D(Y) 
SEDD n “1" + D (n) 
Input/Output REDD n “Oo” — D (n) 
Instruction LAR p Rip) > A 
LBR p Rip) - B 
LRA p A — R (p) 
LRB p B — R (p) 





Pp 








Pattern Generation 





57 


HMCS44C, HMCS44CL 


(NOTE) 1. 





(XY) after a mnemonic code has four meanings as follows. 


Mnemonic only Instruction execution only 
Mnemonic with X After instruction execution, X + SPX 
Mnemonic with Y After instruction execution, Y — SPY 
Mnemonic with XY After instruction execution, X + SPX, Y + SPY 
(Exampte] LAM M—~A 

LAMX M — A, X «= SPX 

LAMY M— A, Y « SPY 

LAMXY M—A, X SPX, Y + SPY 


Status column shows the factor which brings the Status F/F “1° under judgement instruction or instruction accompanying the judgement. 
NZ ALU Not Zero 

seve ALU Overflow in Addition, that is, Carry 

NB ALU Overflow in Subtraction, that is, No Borrow 
Except above --.-----. Contents of the status column affects the Status F/F directly. 

The Carry F/F (C(F/F)) is not always affected by executing the instruction which affects the Status F/F. 

Instructions which affect the Carry F/F are eight as follows. 





AMC SEC 
SMC REC 
DAA ROTL 
DAS ROTR 


All instructions except the pattern instruction (P) are executed in 1 instruction cycle. The pattern instruction (P) is executed 
in 2 instruction cycles. 
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HMCS44C Mask Option List |_ Date 


Customer's Name 
ROM CODE ID 
| Hitachi P/N [ | 

















(1) I/O Option 








Pin = oe a 
Name ee es Name eh a 
oo | wo | | || me | wey | 

iW ee es i ie 

2 OG 
Di He wOr Tis, de sO I= 
7 

a aC (a ee a 
oe | vo ||| |_| &a | v0 

Dr [| vo [|| |i Ra 

De | vo [|i aL 
Do [wot || 
nT a ARN A OO A 
Da | vot || [|_| &» | v0 

Dis | vo [| f [ | an _| 10 

Dw | vo | [||| Fe | 10 

Os | vo} [| |__| fs _| v0 

A A ee (ce ES Ge ae ee (REL Ee 
[i eae el =a a a (a LD 














xx Specify the 1/O composition with a mark of “©” in the applicable composition column. 
A: No pull up MOS B : With pull up MOS C : CMOS Output 


(2) Oscillator & Halt 










Used (Reset is applied Used (Reset is not applied 
Oscillator when Halt release) when Halt release) 


Resistor 


Not Used | 















Ceramic Resonator 








External Clock 


L | 


sv Please check one section on the above chart. 





(3) 1/O State at “Halt” Mode 
1/0 State 








Enable 
C) Disable 


x Mark “v” in “(" for the selected I/O 
state. 


= 





ieee eee Dees | 






























(4) Supply Voltage (Vcc) (5) Package 
Supply Voltage (Vec) | Package 
(J 5+0.5V LJ DP-42 



























LC] 2.5V to 5.5V DP-42S 
% Mark “Vv” in “C)”" for the selected supply ve. Mark ‘v ” in “[" for 
voltage. the selected package. 


HMCS45C(HD44820) 
HMCS45CL(HD44828) 


The HMCS45C is the CMOS 4-bit single chip microcomputer 
which contains ROM, RAM, I/O and Timer/Event Counter on 
single chip. The HMCS45C is designed to perform efficient con- 
troller function as well as arithmetic function for both binary and 
BCD data. The CMOS technology of the HMCS4SC provides the 
flexibility of microcomputers for battery powered and battery 
back-up applications. 


w@ FEATURES 
e@ 4-bit Architecture 
@ 2,048 Words of Program ROM (10 bits/Word) 
128 Words of Pattern ROM (10 bits/Word) 
® 160 Digits of Data RAM (4 bits/Digit) 
@ 441/0 Lines and 2 External Interrupt Lines 
@ Timer/Event Counter 
® Instruction Cycle Time: HMCS45C; 10 ys (FP-54) 
HMCS45CL; 20 us 
@ All Instructions except One Instruction; Single Word and HMCS45C,HMCS45CL 
Single Cycle 
@ BCD Arithmetic Instructions 
@ Pattern Generation Instruction 
— Table Look Up Capability — 
@ Powerful Interrupt Function 
3 Interrupt Sources 
2 External Interrupt Lines 
Timer/Event Counter 
Multiple Interrupt Capability 
Bit Manipulation Instructions for Both RAM and I/O 
Option of I/O Configuration Selectable on Each Pin; Pull Up 
MOS or CMOS or Open Drain 
Built-in Oscillator 
Built-in Power-on Reset Circuit (HMCS45C only) 
Low Operating Power Dissipation; 2mW typ. 
Stand-by Mode (Halt Mode); 50 ~7W max. 8 PIN ARRANGEMENT 
CMOS Technology 
Single Power Supply: HMCS45C; 5V+ 10% 
HMCS45CL; 2.5V to 5.5V 


HMCS45C,HMCS45CL 


(DP-64S) 





HMCS45C, gq HMCS45C, 
HMCS45CL «fg HMCS45CL 





(Top View) 
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= BLOCK DIAGRAM ot ot oT 


ROM 

2,048 x 10 bit 
(program memory) 
128 x 10 bit 
(pattern memory) 


instruction 
Decoder 


Stack Register 


D latch (16 bit) 


addressing 


| 
ime 


RAM 
160 x 4 bit 


Manipulation 


Bit 





* Power-on Reset Circuit 
(ACL) is not built in HMCS45CL. 
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MHMCS45C ELECTRICAL CHARACTERISTICS (Vec=5V+ 10%) 
@® ABSOLUTE MAXIMUM RATINGS 





























item Unit Remarks 
Supply Voltage Vec —0.3 to +7.0 Vv 
Terminal Voltage (1) —0.3 to Vec+ 0.3 Vv Except for terminals specified by Vr2 
Terminal Voltage (2) —0.3 to +10.0 V See ee al LO conte ote 
Maximum Total Output Current (1): —lo1 [45 mA [NOTE 3] 
Maximum Total Output Current (2) Slo2 45 mA [NOTE 3} 
Operating Temperature Cc 





Storage Temperature Tstg —55 to +125 


[NOTE 1] Permanent LSI damage may occur if maximum ratings are exceeded. Normal operation should be under the conditions of “ELECTRICAL 
CHARACTERISTICS -1, -2”. If these conditions are exceeded, it could affect reliability of LSI. 


(NOTE 2] All voltages are with respect to GND. 


[NOTE 3] Maximum Total Output Current is total sum of output currents which can flow out (or flow in) simultaneously. 
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e@ ELECTRICAL CHARACTERISTICS-1 (Vcc=5V+10%, Ta=—20 to +75) 



















































































































































































Value ; 
Item Symbol Test Conditions ES. - Unit Note 
min. typ. max. 
Input “Low” Voltage Vit — _ 1.0 Vv 
Input “High” Voltage (1) Vint Vec—1.0 — Vec Vv a 2 
input “High” Voltage (2) Ve Maes ak j ~|Vee=1-0[ | 10 Ei Vv 3 
Output “Low” Voltage Vot lo.=1.6mMA _ — 0.8 Vv 
Output “High” Voltage (1) Vou | —lon=1.0mA Ye ae ee 4 
Output “High” Voltage (2) Von2 —lon=0.01mA Vec—0.3 — - | Mv 5 
Interrupt Input Hold Time | tiINT -_ = us 
Interrupt Input Fall Time “| tfINT fF o- | - | 50 | us 
Interrupt Input Rise Time | triINT _ _ 50 | “us 
Output “High” Current lou VoH= 10V | - | - | 3 - uA | 6 
Vin=0 to Vec = = 1.0 2 
Input Leakage Current li V0 to 10V << = 3 uA Page ete 
Pull up MOS Current [  —lp | Vec=5V [60 | — | 250 uA 
Vin=Vece, 
Supply Current (1) lecs Ceramic Filter -- - 2 mA 7 
| | Oscillation 4 | 
F Vin=Vee. 
Supply Current (2) Icc2 Rr Oscillation, - - 1.0 mA 7 
External Clock Operation 
Standby |/O Leakage Current Is HLT =1.0V 
Standby Supply Current Vin=Vec, HLT =0.2V 
External Clock Operation 
External Clock Frequency 
External Clock Duty 1 Duty % 
External Clock Rise Time trep | 5 us il 
External Clock Fall Time | tep 0 - [| 02 us| 
instruction Cycle Time Tinst |_Tinst=4/fop 9.1 10 Wie’ 20 us 
Internal Clock Operation (R¢ Oscillation) 
Clock Oscillation Frequency <4 fosc Rr=91kN+2% 300 - 500 kHz 
Instruction Cycle Time eR Tinst | Tinst=4/fose 80 | - = 13.3 us | 
Internal Clock Operation (Ceramic Filter Oscillation) 
Clock Oscillation Frequency fosc Ceramic Filter Circuit ia 392 408 kHz 























10.2 | 


Instruction Cycle Time Tinst=4/fose 





(NOTE 1} All voltages are with respect to GND. 

(NOTE 2} This is applied to RESET, HLT, OSC;, INTo, INT; and the With Pull up MOS or CMOS type of 1/0 pins. 

[NOTE 3] This is applied to the Open Drain type of I/O pins. 

[NOTE 4] This is applied to the CMOS type of I/O or Output pins. 

[NOTE 5] This is applied to the With Pull up MOS or CMOS type of 1/0 or Output pins. 

[NOTE 6] This is applied to the Open Drain type of I/O or Output pins. 

[NOTE 7] 1/0 current is excluded. 

(NOTE 8] The Standby I/O Leakage Current is the I/O leakage current in the Halt and Disable State. 

(NOTE 9] 1/0 current is excluded. 
The Standby Supply Current is the supply current at Vec=5V + 10% in the Halt State. The supply current in the case where the supply 
voltage falls to the Halt Duration Voltage is called the Halt Current (1px), and it is shown in “ELECTRICAL CHARACTERISTICS-2.” 
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@ ELECTRICAL CHARACTERISTICS-2 (Ta=—20 to +757) 
Reset and Halt 








































































































































Item Test Conditions ; Unit 
Halt Duration Voltage HLT=0.2V 
Vin=V 
Halt Current lbx —— ie — 
HLT =0.2V,VpH=2.3V 
Halt Delay Time tHD 
Operation Recovery Time tRC 
FLT Fall Time tfHLT 
HLT Rise Time trHLT 
HLT “Low” Hold Time tHLT 400 us 
Rr Oscillation, External on 
Clock Operatio : 
HLT “High” Hold Time tOPR ea ms 
Ceramic Filter 4 
| Oscillation 
————-+ ——_— 
Power Supply Rise Ti t puleinReret 0.1 10 ms 
ower Su ise Time pans . - 
pply rCC HLT =Voc 
ao} 34 <2 a 
e Supply OFF. Ti ; Built-in Reset, , 
ower Su ime nveKSE _ - ms 
pply OFF ALT =Veo 
External Reset, 
Vec=4.5 to 5.5V,HLT=Veec ; 
(R¢ Oscillation, External 
Clock Operation 
RESET Pulse Width (1) tRST1 e ms 
External Reset 
Vec=4.5 to 5.5V,HLT=Vec 4 
(Ceramic Filter 
Oscillation) 
. External Reset 
RESET Pulse Width (2) 
Vec=4.5 to 5.5V,HLT=Vec 
: : External Reset 
RESET Rise Time trRST —— 
Vec=4.5 to 5.5V,HLT=Vec 
External Reset 


RESET Fall Time 


[NOTE] All voltages are with respect to GND. 










WM HMCS4SCL ELECTRICAL CHARACTERISTICS (Vcc=2.5V to 5.5V) 


@ ABSOLUTE MAXIMUM RATINGS 
Item 
Supply Voltage 
Terminal Voltage (1) 
Terminal Voltage (2) 
Maximum Total Output Current (1) 
Maximum Total Output Current (2) 
Operating Temperature 
Storage Temperature 


[NOTE 1] 











Symbol Value Unit 
Vec —0.3 to +7.0 Vv 
Vii —0.3 to Vec+0.3 V 
Vr2 —0.3 to +10.0 V 
—Zlo1 45 mA 
Slo2 45 mA 
Topr —20 to +75 c 

Tstg —55 to +125 


Vec =4.5 to 5.5V, HLT =Vec 


20 





Remarks 


Except for terminals specified by Vr2 


Applied to only open-drain output pins 
and open-drain 1/O common pins. 


(Note 3) 
(Note 3) 


Permanent LSI damage may occur if maximum ratings are exceeded. Normal operation should be under the conditions of “ELECTRICAL 


CHARACTERISTICS-1, -2.” If these conditions are exceeded, it could affect reliability of LSt. 


[NOTE 2] 
[NOTE 3] 


All voltages are with respect to GND. 
Maximum Total Output Current is total sum of output currents which can flow out (or flow in) simultaneously. 
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@ ELECTRICAL CHARACTERISTICS-1 (Vcc =2.5 to 5.5V, Ta=—20 to +75) 








Value 

Item Symbol Test Conditions | Value Note 
| min | typ. | max. 

input "Low" Voltage Vie = *orves[ vt 

input “High” Voltage (2 0 Cd 





Output “Low” Voltage Vou lo. =0.4mA fF — | -— [| o4 | vi | 
Output “High” Voltage Von | —lon=0.08mA Vec-0.4f — | — | v | 4 
Interrupt Input Hold Time tINT a 


interrupt input Fall Time tfiINT 


interrupt Input Rise Time | = | 
Output “High” Current lou Von=10V | | 


























Vin=0 to Vec 





Input Leakage Current I 
P: a 7 Vin=0 to 10V 








Pull-up MOS Current —Ip Vec=3V 


Vin=Vec, Vec=3V 
(fosc/fep=200kHz) 
Supply Current I 140 A 
PPly ee Rr Oscillation, External . 
Clock Operation 


| RCT 
Standby |/O Leakage Current les in © Vec PF | 
=05V_[W=0t0 tov | — [=| 


) VorVoo [Weee2smaev [= [= [eT aa 
eee je lacowhecareen > ——[—=—epae] 

















External Clock Operation 






External Clock Duty 
External Clock Rise Time 
External Clock Fall Time tfcp 
Instruction Cycle Time z= 



























Tinst= 4/ fep 





Internal Clock Operation (R¢ Oscillation) 


Rr=180k0+2% £#| .. | [| fo po 
Vec=2.5 to 3.5V 














Clock Oscillation Frequency fosc Ry = 180kQ 12% a 
Vec=2.5 to 5.5V 
Tinst = 4/ fosc . 
. . Vec=2.5 to 3.5V 
Instruction Cycle Time Tinst <a} 


Tinse= 4/ fose: 
Vec=2.5 to 5.5V 














INOTE 1} All voltages are with respect to GND. 

[NOTE 2] This is applied to RESET, HLT, OSCy, INTo, INT: and the With Pull up MOS or CMOS type of 1/0 pins. 

[NOTE 3} This is applied to the Open Drain type of 1/0 pins. 

INOTE 4] This is applied to the CMOS type of !/O or Output pins. 

{NOTE 5] This is applied to the Open Drain type of |/O or Output pins. 

[NOTE 6] 1/0 current is excluded. 

|NOTE 7] The Standby I/O Leakage Current is the 1/O leakage current in the Halt and Disable State. 

INOTE 8] 1/0 current is excluded. 
The Standby Supply Current is the supply current at Vec=2.5V to 5.5V in the Halt State. The supply current in the case where the supply 
voltage falls to the Halt Duration Voltage is called the Halt Current (Ipx), and it is shown in “ELECTRICAL CHARACTERISTICS-2.” 
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@ ELECTRICAL CHARACTERISTICS-2 (Ta=—20 to +75) 
Reset and Halt 














Item Symbol Test Conditions min. | max. | Unit 
Halt Duration Voltage Von HLT =0.2V | - | Vv 
Vin=Vec, HLT =0.1V 
Halt Current t A 
sis Von=2.0V m 
Halt Delay Time tHD 200 | -— | us 
Operation Recovery Time | tRC 


200 | [ss 
- = | 7900 




















FCT Fall Time tfHLT us 

HLT Rise Time trHLT | —  |{ 1000 | us 

HALT “Low” Hold Time tHLT [= 800 | -— | us 
Rr Oscillation, External 

HLT “High” Hold Time tOPR Clock Operation 0.2 = ms 
Vec=2.5 to 5.5V 
External Reset, 

é Vec=2.5 to 5.5V, HLT=Vec 

RESET Pulse Width (1) tRST1 (R; Oscillation, External ms 

Clock Operation) 
| External Reset, . 

RESET Pulse Width (2) tRST2 | Vec=2.5 to 5.5V us 
HLT =Vec 

RESET Fall Time tfRST ms 

RESET Rise Time trRST ms 





[NOTE] All voltages are with respect to GND. 


a SIGNAL DESCRIPTION 
The input and output signals for the HMCS45C, shown in 
PIN ARRANGEMENT, are described in the following para- 


graphs. 


® Vcc and GND 
Power is supplied to the HMCS4SC using these two pins. Vcc 
is power and GND is the ground connection. 


@® RESET 

This pin allows resetting of the HMCS45C at times other than 
the automatic resetting capability (ACL; Built-in Reset Circuit) 
already in the HMCS45C. 

The HMCS4SC can be reset by pulling RESET high. Refer to 
RESET FUNCTION for additional information. 


@ OSC, and OSC, 

_These pins provide control input for the built-in oscillator cir- 
cuit. Resistor and capacitor, ceramic filter circuit, or an external 
oscillator can be connected to these pins to provide a system 
clock with various degrees of stability/cost tradeoffs. 

Lead length and stray capacitance on these two pins should be 
minimized. Refer to OSCILLATOR for recommendations about 
these pins. 


e RIT 
This pin is used to place the HMCS45C in the Halt State. 
Refer to HALT FUNCTION for details of the Halt Mode. 


e TEST 

This pin is not for user application and must be connected to 
Vec 
@ INT, and INT, 

These pins provide the capability for asynchronously applying 


external interrupts to the HMCS45C. 
Refer to INTERRUPTS for additional information. 
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@ Roo to Rog Rio to Rig Roo to Roz, Rao to Ray Ry. to Ry, 

Ro to Res 

These 24 lines are arranged into six 4-bit Data Input/Output 
Common Channels. 

The 4-bit registers (Data I/O Register) are attached to these 
channels. Each channel is directly addressed by the operand of 
input/output instruction. Refer to INPUT/OUTPUT for addi- 
tional information. 


© Reo to Res 

These 4 lines are the 4 bit Data Output Channel. 

The 4-bit register (Data I/O Register) is attached to this chan- 
nel. This channel is directly addressed by the operand of input/ 
output instruction. Refer to INPUT/OUTPUT for additional in- 
formation. 


@ D, to D,, 

These lines are 16 1-bit Discrete Input/Output Common Pins. 
The 1-bit latches are attached to these pins. Each pin is addressed 
by the Y register. The D, to D, pins are also addressed directly 
by the operand of input/output instruction. Refer to INPUT/ 
OUTPUT for additional information. 


wa ROM 
@ ROM Address Space 

ROM is used as a memory for the instructions and the pat- 
terns (constants). The instruction used in the HMCS4SC consists 
of 10 bits. These 10 bits are called ‘‘a word’’, which is a unit for 
writing into ROM. 

The ROM address is composed of the program area (0 page 
to 31 page) and the pattern area (61, 62 page) (64 words/page). 

The ROM capacity is 2,176 words (1 word = 10 bits) in all. 

Only the program area can contain both the instructions and 
the patterns (constants). 

The ROM address space is shown in Figure 1. 


}~-——64 words————— 


1F OF 074——— 3D 3E 3F (Hexa-decimal} 






Program Area 


30 page 
31 page 





jo——— 64 words ———» 

1F OF 07 3D SE 3F (Hexa-decimal) 
61 page 
62 page 


Figure 1 


© Program Counter (PC) 
The program counter is used for addressing of ROM. It con- 
sists of the page part and the address part as shown in Figure 2. 


Page Part Address Part 








PCio PCgo PCa PCr PCe | PCs PCa PC3 PC2 PC, PCo 


Figure 2. Configuration of Program Counter 


Table 1 


Decimal 


Hexadecimal 


Decimal 
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Hexadecimal 
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Timer/counter interrupt Address (O page 3F address) 
Input Interrupt Address(1 page 3F address) 


Reset Address (31 page 3F address) 


ROM Address Space 


Once a certain value is loaded into a page part, the content is 
unchanged until other value is loaded by the program. The setta- 
ble value of a page part is any number between 0 to 31. 

The address part is a 6-bit polynomial counter and counts up 
for each instruction cycle time. The sequence in the decimal and 
hexa-decimal system is shown in Table 1. This sequence is cir- 
culating and has neither the starting nor ending point. It doesn’t 
generate an overflow carry. Consequently, the program on a 
same page is executed in order unless the value of the page part 
is changed. 


Program Counter Address Part Sequence 


Decimal Hexadecimal 
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®@ Designation of ROM Address and ROM Code 

The page part of the ROM address is represented by decimal 
and the address part is divided into 2 parts (2 bits and 4 bits) and 
represented by hexa-decimal. 

One word (10 bits) is divided into three parts (2 bits, 4 bits 
and 4 bits from the most significant bit O,,) and represented by 
hexadecimal. The examples are shown in Figure 3. 


(a) ROM Address 


fa ane =e Address ee —\ 


ae Dative a Hexa- _\_ Hexa-decimal aay 


decimal 


Address : 
20-26 
( page 
26 address 


(b) ROM Code 


O10 





QO: 
ROM Pattern, 


0 1 (e) 1 Object Code: 1B5 


Vs Hexa- a Hexa-decimal hi Hexa-decimal am 


decimal 


1 1 ce) 1 1 0 


Figure 3 Designation of ROM Address and ROM Code 


m PATTERN GENERATION 

The pattern (constants) can be accessed by the pattern in- 
struction (P). The pattern can be written in any address of the 
ROM address space. 


Page Part 





@ Reference 

ROM addressing for reference of the patterns is achieved by 
modifying the program counter with the accumulator, the B reg- 
ister, the Carry F/F and the operand p. Figure 4 shows how to 
modify the program counter. The address part is replaced with 
the accumulator and the lower 2 bits of B register, while the page 
part is ORed with the upper 2 bits of B register, the Carry F/F 
and the operand p (po, pi). The upper bit (pz) of the operand is 
for referring to the pattern area. 

The value of the operand p is 0 to 7. 

The content of the program counter is only modified ap- 
parently and is not changed. Then the address is counted up after 
the execution of the pattern instruction and the next instruction 
is executed. 

The execution time of this instruction is 2-cycle time. 

Even when interrupt is enable, interrupt is disabled in the sec- 
ond cycle of the pattern instruction. However, the interrupt re- 
quest is latched into the interrupt request F/F. 


© Generation 

The pattern of referred ROM address is generated as the fol- 
lowing two ways: 
(i) The pattern is loaded into the accumulator and B register. 
(ii)The pattern is loaded into the Data I/O registers R2 and R3. 

Selection is determined by the command bits (O,, O,,) in the 
pattern. 

Mode (i) is performed when O, is ‘1’? and mode (ii) is per- 
formed when O,, is ‘‘1"’. 

Mode (i) and mode (ii) are simultaneously performed when 
both O, and O,, are “1”. 

The correspondence of each bit of the pattern is shown in 
Figure 5. 

Examples of the pattern instruction usage is shown in Table 2. 


Address Part 





(PC) PCio PCg PCa PCr PCe|PC5 PCy PC3 PC2 PC; PCo 
Data for Heid Cyne 
(Modihearon) 12 P1 Po| C | Bs Bz B: Bo} As Az Ar Ao 
Modification’ | og gy 
Referred -—~~WC io PCa PCa PC? PGs”... OMSO™OO 
(rom ada I pa ee ee: POP eae et Ag Ap me WAG 
Tess He att wtPo,+C_ ,+B3,+B2, a ee ee eee Cee Ene Cal 


Figure 4 ROM Addressing for Pattern Generation 


O1 Os Os O7 6 Os Os, O03 O2 QO, | ROM Pattern 


foe ta 

I 1 B3 B2 By Bo 
bobs 

peeass 

! 

1 1 

a oa 


Ao Ar Az (Ag 


Loaded into Accumulator 
and B register 


Roo = R21 Rez2_—s«Ra3_ | Rao -R31_-—s«#Ra2_—Ss*Rgg_- || Loaded into R2 and R3 registers 


Figure 5 Correspondence of Each Bit of Pattern 
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Table 2 Example of Pattern Instruction Usage 















Before Execution 
PC Value 


















Referred 
ROM 
Address 


p Cc 
cope pa poy ‘oat | 2 | 8 
61-00 22D = _ 
et es Serine ee 
Pa forte fe | 6330 | 





After Execution 









Pattern 





















“—" means that the value is unchanged after the execution. 


"0/1" means that either “O" or “1” will do. 


a BRANCH 

ROM is accessed according to the program counter sequence 
and the program is executed. In order to jump to any address out 
of the sequence, there are four ways. 

_They are explained in the following paragraphs. 


@ BR 

By BR instruction, the program branches to an address in the 
current page. 

The lower 6 bits of ROM Object Code (operand a, O, to O,) 
are transferred to the lower 6 bits of the program counter. This 
instruction is a conditional instruction and executed only when 
the Status F/F is ‘‘1°. If it is ‘0°’, the instruction is skipped and 
the Status F/F becomes ‘‘1’’. The operation is shown in Figure 
6. 


Og —™~__- 0; 


Mages ene 


PC Address Part 


Figure 6 BR Operation 


@ LPU 

By LPU instruction, the jump of page is performed. 

The lower 5 bits of the ROM Object Code (operand u) are 
transferred to the page part of the program counter with a delay 
of 1 instruction cycle time. Therefore, the cycle just after the 
issuing of this instruction is on the same page and the page jump 
is performed at the next cycle. 

This instruction is a conditional instruction and performed 


Page Part 





(PC) PCio PCy PCep 
Data for pe | 3 ee 
Modification | (0) | 0} 
(Modified PC) Pg Gee os 
+p: +po _ +C 


PC, 


B3 B2 B, Bo A3 A2 Ay Ao 


PC, 
+B3 


only when the Status is ‘‘1”’. But the Status is unchanged (re- 
mains ‘‘0”’) even if it is skipped. The operation is shown in 
Figure 7. 


Os —w__ 0; 
> ets el 
delay by 


1-cycle time 


PC Address Part 


Figure 7 LPU Operation 


@ BRL 

By BRL instruction, the program branches to an address in 
any page. 

This instruction is a macro instruction of LPU and BR in- 
structions, which is divided into two instructions as follows. 


BRL a—b-~LPU a 
<Jump to b address on a page> BR b 


BRL instruction is a conditional instruction because of charac- 
teristics of LPU and BR instructions, and is executed only when 
the Status F/F is ‘‘1’’. If the Status F/F is ‘‘0’’, the instruction is 
skipped and the Status F/F becomes ‘‘1”’. 


@ TBR (Table Branch) 

By TBR instruction, the program branches by the table. 

The program counter is modified with the accumulator, the B 
register, the Carry F/F, the operand p. The method for modifica- 
tion is shown in Figure 8. 


Address Part 





PCs PCa PC3 


PC2 PC: PCo 


PC. 


PCe 


A A 
+B, By Bo 3 A2 Ai 0 


Figure 8 Modification of Program Counter by TBR instruction 
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The accumulator and the lower 2 bits of B register are as- 
signed into the address part of the program counter. The upper 2 
bits of B register, Carry F/F, and the operand pi, po are ORed 
with the page part of the program counter. 

TBR instruction is executed regardless of the Status F/F, and 
does not affect the Status F/F. 


gm SUBROUTINE JUMP 
There are two types of subroutine jumps. They are explained 
in the following paragraphs. 


@ CAL 

By CAL instruction, subroutine jump to an address in the 
Subroutine Page. 

The Subroutine Page is 0 page. 

The address next to CAL instruction address is pushed onto 
the stack ST1 and the contents of the stacks ST1, ST2 and ST3 
are pushed onto the stacks ST2, ST3 and ST4 respectively as 
shown in Figure 9. 


Os --————- 0; 


rom [oa] 3 | 


ruil | 
ve (Page Part [“hairels For] 


bh hed ddd fg her™ 


pididddid 
pidiad i) 
ST3 


Pettitt 
ST4 


Figure 9 Subroutine Jump Stacking Order 


ST2 


The page part of the program counter is 0. The lower 6 bits 
(operand a, O, to O,) of the ROM Object Code is transferred to 
the address part of the program counter. 

The HMCS45C has 4 levels of stack (ST1, ST2, ST3 and 
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ST4) which allows the programmer to use up to 4 levels of sub- 
routine jumps (including interrupts). 

CAL is a conditional instruction and executed only when the 
Status F/F is ‘‘1’’. If the Status F/F is ‘‘0”’, it is skipped and the 
Status F/F changes to ‘‘1”’. 


@ CALL 

By CALL instruction, subroutine jump to an address in any 
page. 

Subroutine jump to any address can be implemented by the 
subroutine jump to the page specified by LPU instruction. 

This instruction is a macro instruction of LPU and CAL in- 
structions, which is divided into two instructions as follows. 


CALL a—b—LPU a 
<Subroutine jump to b address on a page> CAL b 


CALL instruction is conditional because of characteristics of 
LPU and CAL instructions and is executed when the Status F/F 
is ‘‘1°’. If the Status F/F is ‘‘0”’, it is skipped and the Status F/F 
changes to “1” 


a RAM 

RAM is a memory used for storing data and saving the con- 
tents of the registers. Its capacity is 160 digits (640 bits) where 
one digit consists of 4 bits. 

Addressing of RAM is performed by a matrix of the file No. 
and the digit No. 

The file No. is set in the X register and the digit No. in the Y 
register for reading, writing or testing. Specific digits in RAM can 
be addressed not via the X register and Y register. These digits 
are called ‘‘Memory Register (MR)’’, 0 to 15 (16 digits in all). 
The memory register can be exchanged with the accumulator by 
XAMR instruction. 

The RAM address space is shown in Figure 10. 

In an instruction in which reading from RAM and writing to 
RAM coexist (exchange between RAM and the register), reading 
precedes writing and the write data does not affect the read data. 

The RAM bit manipulation instruction enables any addressed 
RAM bit to be set, reset or tested. The bit assignment is speci- 
fied by the operand n of the instruction. 

The bit test makes the Status F/F ‘“‘1” and makes it ‘‘0” 
when the assigned bit is ‘‘0’’. 

Correspondence between the RAM bit and the operand n is 
shown in Figure 11. 
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9/817 1/6) 
7 


O | < digit No. 
























































t 
file No. 


* The file 8 is selected when X register has any value in 8 to 11, and the file 
9 is selected when 12 to 15. 


Figure 10 RAM Address Space 


mw REGISTER 

© MO) The HMCS4SC has six-4-bit registers and two 1-bit registers 
available to the programmer. The 1-bit registers are the Carry F/ 

F and the Status F/F. They are explained in the following para- 


Co 
[Uo )s mm graphs. 
Co 
(el 


23 22 21 2° n 


© Status F/F (S) 
2 M2) The Status F/F latches the result of logical or arithmetic oper- 
ations (Not Zero, Overflow) and bit test operations. The Status 
3 M(3) F/F affects conditional instructions (LPU, BR and CAL instruc- 
tions). These instructions are executed only when the Status F/F 
n=Bit assignment No is ‘‘1"*. If it is ‘0°’, these instructions are skipped and the Status 
F/F becomes ‘‘1"’. 


Figure 11 RAM Bit and Operand n 
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© Accumulator (A; A Register) and Carry F/F {C) 

The result of the Arithmetic Logic Unit (ALU) operation (4 
bits) and the overflow of the ALU are loaded into the accumula- 
tor and the Carry F/F. The Carry F/F can be set, reset or tested. 
Combination of the accumulator and the Carry F/F can be right 
or left rotated. The accumulator is the main register for ALU op- 
eration and the Carry F/F is used to store the overflow generated 
by ALU operation when the calculation of two or more digits (4 
bits/digit) is performed. 


© B Register (B) 

The result of ALU operation (4 bits) is loaded into this regis- 
ter. The B register is used as a sub-accumulator to stack data 
temporarily and also used as a counter. 


© X Register (X) 

The result of ALU operation (4 bits) is loaded into this regis- 
ter. The X register has exchangeability for the SPX register. The 
X register addresses the RAM file and is composed of 4-bit regis- 
ter. 


© SPX Register (SPX) 

The SPX register has exchangeability for the X register. 

The SPX register is used to stack the X register and expand 
the addressing system of RAM in combination with the X regis- 
ter. It is composed of 4-bit register. 


© Y Register (Y) 

The result of ALU operation (4 bits) is loaded into this regis- 
ter. The Y register has exchangeability for the SPY register. The 
Y register can calculate itself simultaneously with transferring 
data by.the bus lines, which is usable for the calculation of two 
or more digits (4 bits/digit). The Y register addresses the RAM 
digit and 1-bit Discrete I/O. 
© SPY Register (SPY) 

The SPY register has exchangeability for the Y register. The 
SPY register is used to stack the Y register and expand the ad- 
dressing system of RAM and 1-bit Discrete I/O in combination 
with the Y register. 


ws INPUT/OUTPUT 
@ 4-bit Data Input/Output Channel (R) 


Output Function 


Data 


Reset Function 





r 

I 
[20 2) 22 23! 
L 


The HMCS4SC has four 4-bit Data I/O Common Channels 
(RO, R1, R2, R3). 

The 4-bit registers (Data I/O Register) are attached to R1, R2 
and R3 channels. 

Each channel is directly addressed by the operand p of input/ 
output instruction. 

The data is transferred from the accumulator and the B regis- 
ter to the Data I/O Registers RO to R3 via the bus lines. Pattern 
instruction enables the patterns of ROM to be taken into the 
Data I/O Registers R2 and R3. 

Input instruction enables the 4-bit data to be sent to the ac- 
cumulator and the B register from RO to R3. Note that, since the 
Data I/O Register output is directly connected to the pin even 
during execution of input instruction, the input data is wired 
logic of the Data I/O Register output and the pin input. 

Therefore, the Data I/O Register should be set to 15 (all bits 
of the Data I/O Register is ‘‘1’’) not to affect the pin input be- 
fore execution of input instruction. 

The block diagram is shown in Figure 12. The I/O timing is 
shown in Figure 13. 


@ 1-bit Discrete Input/Output Common Terminals (D) 

The HMCS45C has 16 1-bit Discrete I/O Common Terminals. 

The i-bit Discrete I/O Common Terminal consists of a 1-bit 
latch and a I/O common pin. 

The 1-bit Discrete I/O is addressed by the Y register. The ad- 
dressed latch can be set or reset by output instruction and ‘‘0”’ 
and ‘‘1”’ a level can be tested with the addressed pin by input in- 
struction. 

Note that, since the latch output is directly connected to the 
pin even during execution of input instruction, the input data is 
wired logic of the latch output and the pin input. Therefore, the 
latch should be set to ‘‘1”’ not to affect the pin input before ex- 
ecution of input instruction. 

The D, to D, terminals are also addressed directly by the op- 
erand n of input/output instruction and can be set or reset. 

The block diagram is shown in Figure 14 and the I/O timing 
is shown in Figure 15. 


@ 1/0 Configuration 

The I/O configuration of each pin can be specified among 
Open Drain and With Pull up MOS using a mask option as 
shown in Figure 16. 


Figure 12 4-bit Data I/O Block Diagram 
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One Instruction 
Cycle 


oa 
Rn Output 
LRA, LRB Instruction 
Instruction [Rn Ce 


P Pattern Instruction (second cycle) 
Instruction Po 
fo. oy Rn Input 


LAR, LBR Instruction 


instruction 





Rn Sampling Clock 


Figure 13 4-bit Data I/O Timing 


Set Signal by the reset function 






Set Instruction 


Reset Instruction 


Figure 14 1-bit Discrete |/O Block Diagram 


One Instruction Cycle 
eS 
Pl ee 
LOnitsipin. x [iC 
ff. ae 
rit 

Dn Sampling 


Clock 










SED, RED,SEDD, 
REDO instruction 


TO 
instruction 





Figure 15 1-bit Discrete |/O Timing 
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(a) Configuration of Output Pin 
Applied Pins ; Reo to Res 


No Pull up MOS CMOS 


1/0 Enable PMOS 
| NMOS 


(Open Drain) 
1/0 Enable 


——F} nos 


(b) Configuration of 1/0 Pin 
Applied Pins; Do to Dis, Roo to Roz, Rio to R13, 


R20 to R23, R30 to R33, Rao to Raz, Rso to R53 











Vec 


No Pull up MOS With Pull up MOS (PMOS) CMOS 
(Open Drain) 
Vec 4 Vee 1/0 
1/0 Enable—ef ~~ 5 1/0 72 
PMOS Enable 4 PMOS 
! 1/0 Enable 
| 
I 
NMOS NMOS 
L773 Lm NMOS 
Input circuit Input circuit 





1/0 Enable 


1/0 Enable 





ao NMOS ae 





* When “Disable” is specified for the 1/O State at the Halt State, 
the 1/O Enable signal shown in the figure turns off the input circuit, 


Pull up MOS and NMOS output and sets CMOS output to high 


impedance (PMOS, NMOS; OFF). 


Figure 16 1/0 Configuration 


@ TIMER/COUNTER 

The timer/counter consists of the 4-bit counter and the 6-bit 
prescaler as shown in Figure 17. The 4-bit counter may be loaded 
under program control and is incremented toward 15 by the pre- 
scaler overflow output pulse or the input pulse of INT, pin (its 
leading edge is counted). The clock input to the counter is 
selected by the CF F/F. When the CF F/F is ‘‘0’’, the clock 
input is the prescaler overflow output pulse (Timer Mode). 
When the CF F/F is ‘‘1”’, the clock input is the input pulse of 
INT, pin (Counter Mode). When the counter reaches zero (re- 
turns from 15 to zero), the overflow output pulse is generated 
and the counter continues to count (14 — 15 ~ 0 — 1 — 2 

The TF F/F is a flip-flop which masks interrupts from the 
timer/counter. It can be set and reset by interrupt instruction. If 
the overflow output pulse of the counter is generated when the 
TF F/F is reset (‘‘0°’), an interrupt request occurs and the TF F/ 


Data Bus 





TF : Set has priority over the reset. 


Interrupt request of Timer/Counter 


F becomes ‘“‘1”’. If the overflow output pulse is generated when 
the TF F/F is set (‘‘1’’), no interrupt request occurs. The TTF 
instruction enables the TF F/F to be tested. 

The prescaler is a 6-bit frequency divider. It divides a system 
clock (instruction frequency) by 64 into the overflow output 
pulses of ‘‘instruction frequency + 64”’. : 

The prescaler is cleared when data is loaded into the counter 
(by LTA or LTI instruction). The frequency division is 0 when 
the prescaler is cleared. At the 64th clock, an overflow output 
pulse is generated from the prescaler. During operation of the 
LSI, the prescaler is operating and cannot be stopped. The rela- 
tion between the specified value of the counter and specified time 
in the Timer Mode is shown in Table 3. 

The pulse width of the INT, pin in the Counter Mode must 
be at least 2-cycle time for both ‘‘High” and ‘“‘Low’”’ levels as 
shown in Figure 18. 


Clear 





100/64kHz typ. 





Clock 
Instruction 
Frequency) 


INT, Pulse 







Figure 17 Timer/Counter Block Diagram 
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Table 3. Timer Range 












































Specified Number of Tithe (ene) Specified Number of Times 
Value cycles Value cycles 
fe) 1,024 10.24 | 8 512 5.12 
1 960 9.60 | 9 448 4.48 
2 896 es 8.96 | 10 384 3.84 
3 832 8.32 | 11 320 3.20 
4 768 7.68 : 12 | 256 2.56 
5 704 7.04 | 13 i 192 1.92 
6 640 | 6.40 | 14 | 128 1.28 
7 576 5.76 | 15 64 0.64 





[NOTE] Time is based on instruction frequency 100kHz. 





Figure 18 The Pulse Width of the INT: pin 
in the Counter Mode 


e INTERRUPT 

The HMCS45C can be interrupted in two different ways: 
through the external interrupt input pins (INT,, INT,) and the 
timer/counter interrupt request. When any interrupt occurs, pro- 
cessing is suspended, the Status F/F is unchanged, the present 
program counter is pushed onto the stack ST1 and the contents 
of the stacks ST1, ST2 and ST3 are pushed onto the stacks ST2, 
ST3 and ST4 respectively. At that time, the Interrupt Enable F/F 
(I/E) is set and the address jumps to a fixed destination (Inter- 
rupt Address), and then the interrupt routine is executed. Stack- 
ing the registers other than the program counter must be per- 
formed by the program. The interrupt routine must end with 
RTNI (Return Interrupt) instruction which sets the I/E F/F si- 
multaneously with the RTN instruction. 

The Interrupt Address: 

Input Interrupt Address..... 
1 Page 3F Address 
Timer/Counter Interrupt Address ..... 
0 Page 3F Address 

The input interrupt has priority over the timer/counter inter- 

rupt. 


No Pull up MOS 
Vee _ 
1/0 Enable —l 7 
| PMOS 
| 
! 
| | 
{ 
| 
NMOS 
! i 
i 
iw 


Se a ee } Input circuit 


1/0 Enable + 








{one instruction cycle = 10s) 


The INT, and INT, pin have an interrupt request function. 

Each terminal consists of a circuit which generates leading 
pulse and the interrupt mask F/F (IFO, IF1). An interrupt is 
enabled (unmasked) when the IFO F/F or IF] F/F is reset. 
When the INT, or INT, pin changes from ‘0’ to “‘1”’ (from 
“Low’’ level to ‘“‘High”’ level), a leading pulse is generated to 
produce an interrupt request. At the same time, the IFO F/F or 
IF1 F/F is set. When the IFO F/F or IF1 F/F is set, the interrupt 
masking for the pin will result. (If a leading pulse is generated, 
no interrupt request occurs.) 

An interrupt request generated by the leading pulse is latched 
into the input interrupt request F/F (I/RI) on the input side. If 
the Interrupt Enable F/F (I/E) is ‘‘1” (Interrupt Enable State), 
an interrupt occurs immediately and the I/RI F/F and the I/E F/ 
F are reset. If the I/E F/F is ‘‘0’’ (Interrupt Disable State), the I/ 
RI F/F is held at ‘‘1°’ until the HMCS45C gets into the Interrupt 
Enable State. 

The IFO F/F, the IF1 F/F, the INT, pin and the INT, pin can 
be tested by interrupt instruction. Therefore, the INT, and the 
INT, can be used as additional input pins with latches. 

The INT, pin and INT, pin can be provided with Pull up 
MOS using a mask option as shown in Figure 19. 

An interrupt request from the timer/counter is latched into 
the timer interrupt request F/F (I/RT). The succeeding opera- 
tions are the same as an interrupt from the input. Only the ex- 
ception is that, since an interrupt from the input precedes a 
timer/counter interrupt, the input interrupt occurs if both the I/ 
RI F/F and the I/RT F/F are ‘‘1”’ (when the input interrupt and 
the timer/counter interrupts are generated simultaneously). Dur- 
ing this processing, the J/RT F/F remains ‘‘1’’. The timer/coun- 
ter interrupt can be implemented after the input interrupt pro- 
cessing is achieved. 

The interrupt circuit block diagram is shown in Figure 20. 


With Pull up MOS (PMOS) 


Vee 1/0 Vee 
Enable—o|_ 


PMOS 






a) 
= 
o-- 
n 





2 
= 

-- 6------- 
77) 


t 
t 
| 
| 
! 
! 
1 
! 
! 
| 
! 
t 
i 


TT _J Input circuit 


* When “Disable” is specified for the |/O State at the Halt State, 
the I/O Enable signal shown in the figure turns off the input circuit and 


Pull up MOS. 


Figure 19 Configuration of INTo and INT; 


75 


HMCS45C, HMCS45CL 


INT; 


INTo 







Figure 20 


w RESET FUNCTION 

The reset is performed by setting the RESET pin to ‘‘1” 
(‘‘High”’ level) and the HMCS4SC gets into operation by setting 
it to ‘0’? (‘Low’’ level). Refer to Figure 21. Moreover, the 
HMCS45SC has the automatic reset function (ACL; Built-in Reset 
Circuit). The Built-in Reset Circuit restricts the rise condition of 
the power supply. Refer to Figure 22. When the Built-in Reset 
Circuit is used, RESET should be connected to Veg. 

Internal state of the HMCS4S5C are specified as follows by the 


(Reset State) 






Vee 


Interrupt 
Request 








IFO, IF1 : Set has priority over reset. 


Interrupt Circuit Block Diagram 


reset function. 

. oor Counter (PC) is set to 3F address on 31 page (31- 
3F). 

+ I/RI, I/RT, I/E and CF are reset to ‘‘0”’. 

« IFO, IF1 and TF are set to ‘‘1”’. 

+ Reset/Set of I/O latch and register (D, to D,,, RO to R6) are 
set to ‘1’. 
Note that other blocks (Status, Register, Timer/Counter, 

RAM, etc.) are not cleared. 


(Reset State) 


; RST 
* trsT1 includes the time required from the power ON until the operation gets 


into the constant state. 


* tnsT2 is applied when the operation is in the constant state. 


Figure 21 


HUT =Vee 
RESET=GND 


RESET Timing 





torr specifies the period when the power supply is OFF in the case that a short break 
"of the power supply occurs and the power supply ON/OFF is repeated. 


Figure 22 Power Supply Timing for Built-in Reset Circuit 


m HALT FUNCTION 

When the HLT pin is set to ‘0” (‘‘Low” level), the internal 
clock stops and all the internal statuses (RAM, the Registers, the 
Carry F/F, the Status F/F, the Program Counter, and all the in- 
ternal statuses) are held. Because all internal logic operation stop, 
power consumption is reduced. There are two input/output 
Statuses in the Halt State. The user should specify either ‘‘En- 
able” or “‘Disable”’ using a mask option at the time of ordering 
ROM. 


‘*Enable”’ Output ........ The Status before the Halt State 
is held. 
ee up MOS...ON 
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LInput.......... No relation to ‘‘Halt”’ 
Since Pull up MOS is ON, Pull up MOS current 
flows with output ‘0’ (“‘Low” level) in the Halt 
State (NMOS;ON). When an input signal changes, 
transmission current flows into an input circuit. 
Also, current flows into Pull up MOS. These cur- 
rents are added to the Stand-by Supply Current 
(or Halt Current). 

“*Disable”’ Output ........ High Impedance 
(NMOS, PMOS: OFF) 

Pull up MOS... OFF 
Input.......... Input Circuit: OFF 





Both input and output are at high impedance 
state. Since an input circuit is OFF, any current 
other than the Stand-by Supply Current (or Halt 
Current) does not flow even if an input signal 
changes. 

When the HIT pin is set to ‘1’ (‘‘High’”’ level), the HMCS- 


Vec 
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45C gets into operation from the status just before the Halt State. 
The halt timing is shown in Figure 23. 


CAUTION 
If, during the Halt State, the external reset input is applied 
(RESET = “1” (‘‘High”’ level)), the internal status is not held. 


tHLT 





Figure 23 Halt Timing 


@ OSCILLATOR 

The HMCS45SC contains its own oscillator and frequency di- 
vider (CPG). The user can obtain the desired timing for opera- 
tion of the LSI by merely connecting an resistor Rg or ceramic 
filter circuit (Internal Clock Operation). 


(a) Internal Clock Operation Using Resistor Rr 


The OSC, clock frequency is internally divided by four to pro- 
duce the internal system clocks. 

The user may exchange the external parts for the same LSI to 
select either of these two operational modes as shown in Figure 
24. There is no need of specifying it by using the mask option. 


ost Wiring of OSC: and OSC2 terminals should be as short as 


Ry possible because the oscillation frequency is 


modified by capacitance of these terminals. 
OSC2 


(b) Internal Clock Operation Using Ceramic Filter Circuit (Built-in CPG ; Ceramic Filter Oscillator) 
(This is not applied to HMCS45CL.) 


Cy 
osc, Ceramic Filter : CSB400P (MURATA) 
Ceramic = Re: IMQ+10% 
Fees C2 Ci : 2200pF+ 10% (ceramic capacitor) 
OSC2 Co : 470pF + 10% (ceramic capacitor) 
GND 
Ci 
Osc; Ceramic Filter : FCR-400K (TDK) 
Ceramic — Re > IMQ+ 10% 
Filter C2 Ci : 1000pF + 10% (ceramic capacitor) 
OSC2 C2 : 1000pF + 10% (ceramic capacitor) 


The ceramic filter oscillation does not apply when using “Halt” and 
not resetting at the time of “Halt” cancellation. 

This circuit is the example of the typical use. As the oscillation 
characteristics is not guaranteed, please consider and examine the 
circuit constants carefully on your application. 


(c) External Clock Operation (External CPG) 








Vin 
2.5V 
Open OSC2 Vie 
Duty = uf x 100% 
Tat+Th 


Figure 24 Clock Operation Mode 
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w INSTRUCTION LIST 
The instructions of the HMCS45C are listed according to their 
functions, as shown in Table 4. 


Table 4 Instruction List 













Group Status 
Register - Register 
Instruction 
A—xX 
A-Y 
i-mX 
i-Y 
RAM Address Register » Mecvuesed ne 
; DY Y-1-Y NB 
Instruction AYY Via y c 
SYY Y-A-Y NB 
XSPX X + SPX 
XSPY Y ~ SPY 
XSPXY X<+ SPX, Y< SPY 
LAM (XY) M — A (XY — SPXY) 
LBM (XY) M — B (XY « SPXY) 
RAM - Register XMA (XY) M «= A (XY + SPXY) 
Instruction XMB (XY) M = B (XY — SPXY) 
LMAIY (X) A—M, Y+1 — Y (X — SPX) NZ 
LMADY (X) A—M, Y-1 — Y (X ~ SPX) 


















LMIIY i 
LAI i 
LBI i 


i—-M, Y¥+1—-Y 
ivmA 
i-B 
A+i—A 


NZ 






Immediate Transfer 
Instruction 























B+1—B NZ 
B-1—B NB 
M+A+C (F/F) >A Cc 
M—A-C (F/F) >A NB 
M+A—-A Cc 
Decimal Adjustment (Addition) 
. / : Decimal Adjustment (Subtraction) 

Arithmetic Instruction = 
A+1—-A 
BB 
“1” —» C (F/F) 
“0” — C (F/F) 
Test C (F/F) C (F/F) 


Rotation Left 
Rotation Right 
AUB-A 


(to be continued) 
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Mnemonic 


Function 
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Status 














MNEI i 








M + i 














































YNEL i Y#i NZ 
ANEM A+M NZ 
Compare Instruction BNEM B+M NZ 
ALE! i Asi NB 
ALEM AsM NB 
BLEM B<M NB 
RAM Bit Manipulation Sun sea 
. REM n “0” + M (n) 
Instruction ™n Test M (n) =| Min) 
BRa Branch on Status 1 1 
ROM Address CAL a Subroutine Jump on Status 1 1 
inesruenan LPU u Load Program Counter Upper on Status 1 
TBR p Table Branch 
RTN Return from Subroutine 
SEIE ie “1" + IE 
SEIFO “1" — IFO 
SEIF1 “1” — IF1 
SETF “1" + TF 
SECF “1° — CF 
REIE “Oo” += I/E 
REIFO “Oo” — IFO 
REIF1 “QO” — I1F1 
RETF “0” = TF 
Interrupt Instruction RECF “0” — CF 
TIO Test INTo INTo 
TW Test INT: INT: 
TIFO Test IFO IFO 
TIF1 Test iF 1 IF1 
TTF Test TF TF 
LTli i > Timer/Counter 
LTA A — Timer/Counter 
LAT Timer/Counter — A 
RTNI Return Interrupt 
SED “> = OY) a 
RED “o" —D(Y) 
TD Test D (Y) D(Y) 
SEDD n “1" + D (n) 
Input/Output REDD n “0” — D {(n) 
Instruction LAR p Rip) ~ A 
LBR p Rip) — B 
LRA p A — R (p) 
LRB p B — R (p) 
Pp Pattern Generation 









[NOP [No Operation ———SSSC—C~‘C~CS~C~*Y 
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{NOTE] 1. (XY) after a mnemonic code has four meanings as follows. 





Mnemonic only Instruction execution only 
Mnemonic with X After instruction execution, X + SPX 
Mnemonic with Y After instruction execution, Y «> SPY 
Mnemonic with XY After instruction execution, X +> SPX, Y ++ SPY 
(Example) LAM M—-A 
LAMX M — A, X «> SPX 
LAMY M — A, Y + SPY 
LAMXY M — A, X + SPX, Y «+ SPY 
2. Status column shows the factor which brings the Status F/F “1” under judgement instruction or instruction accompanying the judgement. 
NZ oer ALU Not Zero 
Cc .: -ALU Overflow in Addition, that is, Carry 
NB veers ALU Overflow in Subtraction, that is, No Borrow 
Except above --------- Contents of the status column affects the Status F/F directly. 


3. The Carry F/F (C(F/F)) is not always affected by executing the instruction which affects the Status F/F. 
Instructions which affect the Carry F/F are eight as follows. 


AMC SEC 
SMC REC 
DAA ROTL 
DAS ROTR 


4. All instructions except the pattern instruction (P) are executed in 1 instruction cycle. The pattern instruction (P) is executed 
in 2 instruction cycles. 
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[ Date | 
[HMCS45C_ Mask Option List | Customer's Name + 
ROM CODE ID 
Hitachi P/N 
(1) 1/0 
as ; 1/0 Option , a2 _— , Baie 
Do 
Di 
D2 1/0 
D3 1/0 
Da ie Te Rio 1/0 
Ds 1/0 Rit 1/0 al te 
Ds | 1/0 r)OC«@ e Riz 1/0 ie 
D7 1/0 Ri3 1/0 ap 
Ds vo | R20 1/0 = ie 
De 1/0 is a Rai Vo | 1 
Dio | R22 VO | 
D 1/0 Ro 1/0 
ae 0 i i: = 0 si | 4 
ee fio. at oe ae 
Di3 1/0 Rs 1/0 4 
Dia vo | Raz | 1/0 | 
Dis 1/0 [- Ras vo | 
i Rao 0 a 
es rd [ ial Rar | 1/0 
=r | Rae | VO | | 
“i Ra3 Vo edt si 





















































INT; I Re3 


xx Specify the |/O composition with a mark of “©” in the applicable composition column. 
A: No pull up MOS B : With pull up MOS C : CMOS Output 


(2) Oscillator & Halt 











— 
=i 0 
| a _ | O 
INTo \ | Rez Oo 
ae | S 





Used (Reset is applied Used (Reset is not applied 
Not Used 


when Halt release) when Halt release) 


Ceramic Resonator 
External Clock 














tz Please check one section on the above chart. 


(3) 1/0 State at “Halt” Mode (4) Supply Voltage (Vcc) (5) Package 


V0 Stat Suppl Voltage Wed 
OO Enable DO 5+0.5V O FP-54 















(1 Disable O 2.5V to 5.5V CO) DP-64S 
i: Mark “v” in “[J” for the selected 1/0 wy Mark “v" in “[)” for the selected supply x Mark “vy” in “LQ” for 


state. voltage. the selected package. 
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The HMCS46C is the CMOS 4-bit single chip microcomputer 
which contains ROM, RAM, I/O and Timer/Counter on single HMCS46C, HMCS46CL 
chip. The HMCS46C is designed to perform efficient controller 
function as well as arithmetic function for both binary and BCD 
data. The CMOS technology of the HMCS46C provides the 
flexibility of microcomputers for battery powered and battery 
back-up applications. 


a FEATURES 
@ 4-bit Architecture 
4,096 Words of Program ROM and Pattern ROM (10 bits/ 
Word) 
256 Digits of Data RAM (4 bits/Digit) 
32 1/0 Lines and 2 External Interrupt Lines 
Timer/Counter 
Instruction Cycle Time; (DP-42) 

HMCS46C: 5us 

HMCS46CL: 20us HMCS46C, HMCS46CL 
@ All Instructions except One Instruction; Single Word and 

Single Cycle 
@ BCD Arithmetic Instructions 
@ Pattern Generation Instruction 
— Table Look Up Capability — 

@ Powerful Interrupt Function 

3 Interrupt Sources 

2 External Interrupt Lines 
Timer/Counter 
Multiple Interrupt Capability 





@ Bit Manipulation Instructions for Both RAM and t/O 
@ Option of i/O Configuration Selectable on Each Pin; With 
Puil up MOS or CMOS or Open Drain (DP-42S) 
@ Built-in Oscillator 
@ Built-in Power-on Reset Circuit (HMCS46C only) a PIN ARRANGEMENT 
@ Low Operating Power Dissipation; 3.3mW typ. 
® Stand-by Mode (Half Mode); 664uW max. 44D, 
@ CMOS Technology a) D, 
@ Single Power Supply; 49 Dy 
HMCS46C: 5V + 10% 9 R55 
HMCS46CL: 2.5V to 5.5V z Roa 
31 
= Ryo 
a R25 
Ra. 
HMcS46C fa Ae 
HMCS46CL INT, 
INT, 
aR,, 
HR, 
Ris 
~ Rio 
Ros 
Ror 
Ros 
R 





-J 
° 
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® BLOCK DIAGRAM 


ROM 
4,096 x 10 bit 


(program memory and 
Pattern memory) 


instruction 
Decoder 


Stack Register 


z 
2 
© 
= 
a 
o 
2 
= 
a 


addressing 


addressing 


RAM 
256 x 4 bit 


Manipulation 


Bit 





cro--- 


* R4 and R5 can be used : 7 
as general purpose registers. H ! 1/0 Common 
** Power-on Reset Circuit (ACL) ‘“----7 


is not built in HMCS46CL. 


INT, 
INT, 
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= HMCS46C ELECTRICAL CHARACTERISTICS (Vec= 5V + 10%) 
@ ABSOLUTE MAXIMUM RATINGS 


item es Remarks 
Supply Voltage = -0.3 to +7.0 


Terminal Voltage (1) -0.3 to Voc + 0.3 


Terminal Voltage (2) [eee ~0.3 to +10.0 


Maximum Total Output Current (1) 


Maximum Total Output Current (2) a aa 


Except for the terminals 
specified by V+> 
Applied to the Open Drain 


type of Output pins and Open 
Drain type of I/O pins. 


(NOTE 3] 
[NOTE 3] 


-20 to +75 
-55 to +125 


[NOTE 1] Parmanent LSI damage may occur if “Maximum Ratings’ are exceeded, Normal operation should be under the conditions of “ELECTRICAL 
CHARACTERISTICS -1, -2." If these conditions are exceeded, it could be cause of malfunction of LSI and affects reliability of LSI. 


(NOTE 2) All voltages are with respect to GND. 


[NOTE 3] The Maximum Total Output Current is total sum of output currents which can flow out (or flow in) from or into the 1/O pins and Output 
pins simultaneously. 


Operating Temperature 


Storage Temperature 
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@ ELECTRICAL CHARACTERISTICS-1 (Vcc = 5V + 10%, Ta = -20°C to +75°C) 


i Value 
Item Symbol Test Conditions =A 


Note 





oa 
< 


py 





input “Low” Voltage ee eee | 

input “High” Vottese (| Van | SSSSSSS*di Neo = 00 | 2 2 

input “High” Voltage (2) | Vg | ——SSSS~*dt Ne = 0.0 | 3 

Output “Low” Voltage Yo | tw 

Output “High” Voltage (1) Von1 | 24 | 

Output “High” Voltage (2) Von2 Vec - 0.3 5 
a, 


Interrupt Input Hold Time tint 2:Tinst 


Interrupt Input Fall Time i 


Interrupt Input Rise Time tint 
Output “High” Current = 10V 


I t= 
Vou 
Vin =OtoV 
Input Leakage Current Nie 
in 
cc 





NO 


Oto 10V 
Palla MOS Carron “Te 


Vin = Vee, Vec = 5V, 
Supply Current (1) lec: Ceramic Filter 


=lon = 0.01mMA 


nN 
o 
3 

> 


Oscillation, 
(fose = 800kHz) 


Vin = Vec. Vee = 5V 










Ry Oscillation, 

(fose = 800kKHz) 

External Clock 
Operation (f,, = 800kHz) 


Standby 1/0 Leakage HLT 


° 
oO 
a 
3 

> 
“ 


Supply Current (2) loca 





| 
Current us = 1.0V Vin = 0 to 10V [3 | BA | 6, 
Standby Supply Current lecs Vin =Vec, HLT = 0.2V | 12 | yA | 9 





External Clock Operation 

















External Clock Frequency 
External Clock Duty 
External Clock Rise Time 
External Clock Fall Time 
Instruction Cycle Time 


350 
Duty 45 


Kee ere a ee 
tee | CT = oe gs 

| Tine =4fep | 4? | = tt [ os_ | 
Internal Clock Operation (R; Oscillation) 


Toe | Tne" id aA dT | | 
Internal Clock Operation (Ceramic Filter Oscillation) 

Clock Oscillation Frequency | fox | Ceramic Fier Gireuit_ | 764 | - | #16 | KHz] 
instruction Cycle Time Tine | Ton =4/fon «dT 49 «dT | Tt as | 


[NOTE 1] All voltages are with respect to GND. 

(NOTE 2] This is applied to RESET, HLT, OSC,, INT,, INT, and the with Pull up MOS or CMOS type of 1/0 pins. 
(NOTE 3] This is applied to the Open Drain type of 1/O pins. 

(NOTE 4] This is applied to the CMOS type of !/O pins. 

(NOTE 5] This is applied to the with Pull up MOS or CMOS type of 1/0 pins. 

{NOTE 6] This is applied to the Open Drain type of 1/O pins. 

[NOTE 7} 1/O current is excluded. 

(NOTE 8] The Standby 1/O Leakage Current is the 1/O leakage current in the Halt and Disable State. 


(NOTE 9] t/O current is excluded. 
The Standby Supply Current is the supply current at Voc = 5V + 10% in the Halt State. The supply current in the case where the 
supply voltage falls to the Halt Duration voltage is called the Halt Current (Ip44), and it is shown in“ ELECTRICAL CHARACTERISTICS —2.” 


















3 
> 
an 
©0| co 


a 


















Instruction Cycle Time 
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@ ELECTRICAL CHARACTERISTICS-2 (Ta = -20°C to +75 °C) 


Reset and Halt 
Item Symbol Test Conditions 


Unit 


Halt Duration Voltage 


am 


Halt Current 
ieadibe HLT = 0.2V, Vow = 2.3V 


UA 
Halt Delay Time 


Peas ee us 
Operation Recovery Time GM oa bs 
HLT Fall Time tr | bs 
HLT Rise Time tar [oo bs 
lice Awe ee eee us 


HLT “Low” Hold Time ae 


HLT “High’’ Hold Time 


Ceramic Filter Oscillation 


Built-in Reset, HLT = Vcc 
Built-in Reset 
HLT = Vec 
External Reset 
Vcc =4,5to 5.5V, HLT = Vec 
(R; Oscillation, External Clock 
Operation) 


Power Supply Rise Time ms 


Power Supply OFF Time ms 


| min. | 
eal 
| 100 | 
| 100 | 
eee al 
eet 
| 400 | 
pana CD 
Operation 
ae 
| on | 


RESET Pulse Width (1) tras ms 


External Reset £=32 
Vec = 4.5 to 5.5V, HLT = vec] 4 
(Ceramic Filter Oscillation) 


External Reset 
RESET Pulse Width (2) tast2 Veg = 4.5 to 5.5V, 2:Tinst Ms 
HLT = Vv es 


RESET Fall Time [inst _| ms 


RESET Rise Time | trast __| ee eae n 


[NOTE] All voltages are with respect to GND. 





= HMCS46CL ELECTRICAL CHARACTERISTICS (2,5V to 5.5V) 
® ABSOLUTE MAXIMUM RATINGS 


Item [Symbol | Value | Unit | Remarks 
Supply Voltage <a -0.3 to +7.0 ~ 


Terminal Voltage (1) Vr -0,3 to Vee + 0.3 Except for the terminals 


specified by Vro 


Applied to the Open Drain 
Terminal Voltage (2) Vr -0.3 to +10,0 Vv type of Output pins and Open 
‘ Drain type of 1/0 pins. 


Maximum Total Output Current (1) Hor |__48__mA {NOTE 3] 


Maximum Total Output Current (2) | Slog | id NOTE3 


Operating Temperature -20 to +75 Ra 
Storage Temperature Tee | -65 to +125 °c | 


(NOTE 1] Permanent LS! damage may occur if “Maximum Ratings" are exceeded. Normal operation should be under the conditions of “ELECTRI- 
CAL CHARACTERISTICS -1, -2.” If these conditions are exceeded, it could be cause of malfunction of LS! and affects reliability of 
LSI. 

(NOTE 2] All voltages are with respect to GND. 

(NOTE 3] The Maximum Tota! Output Current is total sum of output currents which can flow out (or flow in) from or into the 1/0 pins and Output 
pins simultaneously. 
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@ ELECTRICAL CHARACTERISTICS — 1 (Vcc = 2.5 to 5.5V, Ta = -20 to +75°C) 


Item 


Input “Low” Voltage 
input “High” Voitage (1) 
Input “High” Voltage (2) 
Output “Low” Voltage 
Output “High” Voltage 
interrupt Input Hold Time 
Interrupt Input Fall Time 
Interrupt Input Rise Time 
Output “High” Level 
Current 

Input Leakage Current 


Pull up MOS Current 


Supply Current 


Standby 1/O Leakage 
Current 


Standby Supply Current 


External Clock Operation _ 


ci ee 


Vina pd 
Vou 
tint 


teINT 















Clock Oscillation 
Frequency 


Instruction Cycle Time 


{NOTE 1] 
{NOTE 2] 
{NOTE 3} 
{NOTE 4) 
[NOTE 5} 
(NOTE 6] 
{NOTE 7} 
(NOTE 8] 
[NOTE 9] 


V/O current is excluded. 


/O current is excluded. 





triNT 


a =10V 


=OtoVcc 


' Vin = 0 to 10V 


aie Neeesv ioe 


Vin=Vcc, Vec=3V 
(fose/fep = 200kHz) 
R¢ Oscillation, 
External Clock 
Operation 


= ay 5V 
Vin=0 to 10V 


Vin = | Voc=2.5 to 
Vcc 3.5V 





Icc 


Its 








Iccs 





0.85°Vcc 
0.85°Vcc 


ea 
essiniens a iveretlad 


Veco 





w 
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Val 


a 7 


2 


4 
Us 
uA 6 








uA 7 
uA 5,8 
uA 6,8 
UA 

9 








R¢ = 200kS2 + 2% 
Vec=2.5 to 3.5V 














R= 200kKQ42% 
Vcec=2.5 to 5.5V 


Vcc=2.5 to 3.5V 


Tinst=4/fose 
Vec=2.5 to 5.5V 


All voltages are with respect to GND. 
This is applied to RESET, HLT, OSC,, INT,, INT, and the with Pull up MOS or CMOS type of 1/0 pins. 
This is applied to the Open Drain type of I/O pins. 

This is apptied to the CMOS type of 1/0 pins. 

This is apptied to the with Pull up MOS or CMOS type of I/O pins. 
This is apptied to the Open Drain type of 1/O pins. 








The Standby !/O Leakage Current is the I/O leakage current in the Halt and Disable State. 











The Standby Supply Current is the supply current at Vcc=2.5 to 5.5V in the Halt State. The supply current in the case where the supply 
voltage falls to the Halt Duration voltage is called the Halt Current (Ip}4), and it is shown in “ELECTRICAL CHARACTERISTICS-2.” 
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® ELECTRICAL CHARACTERISTICS-2 (Ta = -20 to +75°C) 


Reset and Halt 





| min, | max. | 

fait Duration Voltage | Von | WuT-o~ ——~*4|-20 | - | v 
Operation Recovery Time = || strc =F | CC C—“‘“‘SSCOCL:C«O2O0OC~«*SEsCtC = S| 
HILT Fall Time wer [tO 
HILT Rise Time ae 
HLT "Low" Hold Time | wr | ——SSS~CS 80 

R¢ Oscillation, 

Vec=2.5 to 5.5V 

External Reset 

Vcc=2.5 to 5.5V 
RESET Pulse Width (1) Rp Oscillgvon, cE ms 

External Clock 

Operation 
RESET Pulse Width (2) trst2 Vv sa) to 5.5V 2°Tinst Us 

= Vcc 

RESET Fall Time | tast__[ HLT=Voc Sd i) 2m 
RESET Rise Time ALT = Vcc | - | 2 | ms 


(NOTE) All voltages are with respect to GND. 


= SIGNAL DESCRIPTION 

The input and output signals for the HMCS46C, shown in 
PIN ARRANGEMENT, are described in the following para- 
graphs. 
® Vcc and GND 

Power is supplied to the HMCS46C using these two pins. 
Vcc is power and GND is the ground connection. 

@ RESET 

This pin allows resetting of the HMCS46C at times other 
than the automatic resetting capability (ACL; Built-in Reset 
Circuit) already in the HMCS46C, The HMCS46C can be reset 
by pulling RESET high. Refer to RESET FUNCTION for addi- 
tional information. 

@ OSC, and OSC, 

These pins provide control input for the built-in oscillator 
circuit. A resistor, ceramic filter circuit, or an external oscillator 
can be connected to these pins to provide a system clock with 
various degrees of stability/cost tradeoffs. Lead length and stray 
capacitance on these two pins should be minimized. Refer to 
OSCILLATOR for recommendations about these pins. 

e HLT 

This pin is used to place the HMCS46C in the Halt State 
(Stand-by Mode). 

The HMCS46C can be moved into the Halt State by pulling 
HLT low. 


In the Halt State, the internal clock stops and all the internal 
statuses (the RAM, the registers, the Carry F/F, the Status 
F/F, the Program Counter, and all the internal statuses) are 
held. 

Consequently, the power consumption is reduced. By pulling 
HLT high, the HMCS46C starts operation from the state just 
before the Halt State. 

Refer to HALT FUNCTION for details of the Halt Mode. 

e TEST 

This pin is not for user application and must be connected 
to Voc. 

@ INT, and INT, 

These pins provide the capability for asynchronously apply- 
ing external interrupts to the HMCS46C. 

Refer to INTERRUPTS for additional information. 
© Roo — Ros, Rio — Ris, Rao — Ras, Rao — Ras 

These 16 lines are arranged into four 4-bit Data Input/Out- 
put Common Channels. 

The 4-bit registers (Data I/O Register) are attached to these 
channels. Each channel is directly addressed by the operand of 
input/output instruction. Refer to INPUT/OUTPUT for addi- 
tional information. 
© Do — Dis 

These lines are 16 1-bit Discrete Input/Output Common 
Terminals. 


The 1-bit latches are attached to these terminals. Each ter- 
minal is addressed by the Y register. The Dg to D3 terminals are 
also addressed directly by the operand of input/output instruc- 
tion. Refer to INPUT/OUTPUT for additional information. 
® ROM 
@ ROM Address Space 

ROM is used as a memory for the instructions and the pat- 
terns (constants). The instruction used in the HMCS46C consists 
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of 10 bits. These 10 bits are called ‘a word”, which is a unit 
for writing into ROM. 

The ROM address has been split into two banks. 

Each bank is composed of 32 pages (64 words/page). 

The ROM capacity is 4,096 words (1 word = 10 bits) in all. 

All addresses can contain both the instructions and the pat- 
terns (constants). 

The ROM address space is shown in Figure 1. 


| ____.. 64 words ———=| 


1F OF ~__H———-. 3E 3F 





O Page 
1 Page 


“Subroutine Space G 
% 
1 





Timer/Counter Interrupt Address 
BankO 0 Page 3F Address 
(O Page 3F Address) 


Input Interrupt Address 
BankO 1 Page 3F Address 
(1 Page 3F Address) 


Bank 0 
30 Page 
31 Pogef =i Pa 
opae| =i 8 Poe 
1 Page 
Bank 1 


*Bank 0 0 Page (0 Page) is the Subroutine Space. 





Reset Address 
Bank 1 31 Page 3F Address 
(63 Page 3F Address) 


Note: The parenthesized contents are expressions of the Page, combining 


the bank part with the page part. 


Figure 1 ROM Address Space 
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© Program Counter (PC) program counter consists of the bank part, the page part, and 
The program counter is used for addressing of ROM. The the address part as shown in Figure 2. 
, Bank Address 


Page 
[ore _]} 


1F Ado 


3F Address 
3E Address 



















OF Address 
1F Address 





SS 


PC,, PC, PC, PC, PC,}| PC, PC, PC, PC, PC, PC, 


C_J P 

age Address 
ally Part Part 
\___—(Page Part) | 


Note: The parenthesized contents are expressions of the 
Page, combining the bank part with the page part. 


Figure 2 Configuration of Program Counter 


The bank part is a 1-bit register and the page part is a 5-bit Table 1 Program Counter Address Part Sequence 
register, 

Once a certain value is loaded into the bank part or the page 
part, the content is unchanged until other value is loaded by a 
program. 

The settable value is “0” (the Bank 0) or “1” (the Bank 1) 
for the bank part, and 0 to 31 for the page part. 

The address part is a 6-bit polynomial counter and counts up 
for each instruction cycle time. The sequence in the decimal and 
hexa-decimal system is shown in Table 1. This sequence is cir- 
culating and has neither the starting nor ending point. It doesn’t 
generate an overflow carry. Consequently, the program on a 
same page is executed in order unless the value of the bank part 
or the page part is changed. 
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@ Designation of ROM Address and ROM Code 

The bank part of the ROM address is shown in the binary 
system and the page part in the decimal system. The address 
part is divided into 2 bits and 4 bits, and shown in the hexa- 
decimal system. 

It is possible to combine the bank part and the page part and 
show the combined part as the Page (in the decimal system). 


(a) ROM Address 


, an (Page Part) —_——_—, 
Bank Part 
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In this case, the 0 Page to the 31 Page in the Bank 1 are shown 
as the 32 Page to the 63 Page. The examples are shown in Figure 
3. 

One word (10 bits) of ROM is divided into three parts (2 
bits, 4 bits and 4 bits from the most significant bit O19 in order) 
shown in the hexa-decimal system. The examples are shown in 
Figure 3, 


/—\ 7 Page Part , ———— Address Part —— 


eee eee pee en era ee aeeoete 


\/\__ Decimal ——_/__/ \_—_ Hexa- 


Binary ise 
ecima 
\————_ (Decimal) pe eee. 


(b) ROM Code 


O10 


0 1 1 0 1 1 0 1 0 


L Hexa- +\_ Hexa-decimalt —/\— Hexa-decimal 


decimal 


/ (52—26: 52 Page 26 Address) 


decimal! 


1 


oO, 


ROM Pattern, Object Code: 1B5 


Figure 3 Designation of ROM Address and ROM Code 


= PATTERN GENERATION 

The pattern (constant) can be accessed by the pattern in- 
struction (P). The pattern can be written in any address of the 
ROM address space. 

@ Reference 

ROM addressing for reference of the patterns is achieved by 
modifying the program counter with the accumulator, the B 
register, the Carry F/F and the operand p. Figure 4 shows how 
to modify the program counter. The address part is replaced 
with the accumulator and the lower 2 bits of B register, while 
the page part and the bank part are ORed with the upper 2 bits 
of B register, the Carry F/F and the operand p. 

The value of the operand p (p2, P1, Po) is 0 to 7 (decimal). 

The bank part of the ROM address to be referenced to is 
determined by the logical equation: PC,, + P2 (P2= the MSB of 
the operand p). 

If the address where the pattern instruction exists is in the 
Bank 1, only the pattern of the Bank 1 can be referenced. 

If the address where the pattern instruction exists is in the 
Bank 0, the pattern of the either Bank 1 or Bank 0 can be refer- 
enced depending on the value of p,. The truth table of the bank 
part of the ROM address is shown in Table 2. 

The value of the program counter is apparently modified and 
does not change actually. After execution of the pattern instruc- 
tion, the program counter counts up and the next instruction is 


91 


executed. 

The pattern instruction is executed in 2-cycle time. 
@ Generation 

The pattern of referred ROM address is generated as the fol- 
lowing two ways: 

(i) The pattern is loaded into the accumulator and B 
register. 

(ii) The pattern is loaded into the Data I/O Registers R2 

and R3. 

Selection is determined by the command bits (Og, Oy9) in 
the pattern. 

Mode (i) is performed when O, is “1”? and mode (ii) is per- 
formed when Ojo is “1”. 

Mode (i) and (ii) are simultaneously performed when both of 
Oy and Ojo are “1”. The correspondence of each bit of the pat- 
tern is shown in Figure S. 

Examples of the pattern instruction usage is shown in Table 
3. 

CAUTION 

In the program execution, the pattern can not be distinguish- 
ed from the instruction. When the program is executed at the 
addresses into which pattern is written, the instruction corres- 
ponding to the pattern bit is executed. Take care that a pattern 
is not executed as an instruction. 
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[————— (Page Part) eset 
Bank Part 


oa’ aa Page Part ce ° muna Address Part cog memercaar 


(PC) | PC,,] PC,, PC, PC, PC, PC,} PC, PC, PC, PC, PC, PC, 


6 =.= = 
(Data for Modification) 1 p, Pp, Po 
tokow - 





(Reference C Tec, Tec, T PC," PC, pc.t Ss die diel ateie Melon Metta | 


r See 

PC 

Pagtt bap i?d + 14 I, 14p°! B,§ By 1 AZT AZSI A, | A, | 
HOM escreetl Pig tg eg Og gs Re ek ee 


Figure 4 ROM Addressing for Pattern Generation 


Table 2 Bank Part Truth Table of Pattern Generation 






Bank part of ROM address 
to be referenced to 


1.(Bank 1) 
1 (Bank 1) 
1 (Bank 1) 
0 (Bank 0) 














Pattern of ROM 


and B register 





Loaded into the R2 and R3 
)1 Rio Rar Raz Ras | Rao Ros Raz Ros | cagisters 
feed 


Figure 5 Correspondence of Each Bit of Pattern 


Table 3 Example of Pattern Instructions Usage 


Before Execution Referred ROM ROM After Execution 


BG SG 8 A es ete a 


Loaded into the accumulator 


R3 


Bank 0 0-3F Bank 0 10-20 _* 
(0-3F) (10-20) 

BankOo-3F | 5 Bank 1 29-00 5 
(0-3F) (61-00) 

Bank 1 30-00 o/t** Bank 1 30-09 | 2 {8 | 4 | B 
(62-00) (62-09) 

Bank 1 30-00 oe Bank 1 31-39 c 
(62-00) (63-39) 


* “—" means that the value does not change after execution of the instruction. 
** “O/1" means that either 0" or 1" may be selected. 
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® BRANCH 

ROM is accessed according to the program counter sequence 
and the program is executed. In order to jump to any address 
out of the sequence, there are four ways. They are explained in 
the following paragraphs. 

@ BR 

By BR instruction, the program branches to an address in the 
current page. 

The lower 6 bits of ROM Object Code (operand a, O, to 01) 
are transferred to the address part of the program counter. This 
instruction is a conditional instruction and executed only when 
the Status F/F is “1”’. If it is “O”’, the instruction is skipped and 
the Status F/F becomes “1’’. The operation is shown in Figure 6. 
@ LPU 

By LPU instruction, the jump of the bank and page is per- 
formed. 

The lower 5 bits of the ROM Object Code (operand u, O, 
to O,) are transferred to the page part of the program counter 
with a delay of 1-cycle time. At the same time, the signal Ra 
(the reversed-phase signal of the Data I/O Register Rw) is 
transferred to the bank part of the program counter with a 
delay of 1-cycle time. The operation is shown in Figure 7. 

Consequently, the bank and page will remain unchanged in 
the cycle immediately following this instruction. In the next 
cycle, a jump of the bank and page is achieved. 

This instruction (LPU) is conditional, and is executed only 
when the Status F/F is “1°. Even after a skip, the Status F/F 
will remain unchanged (“0”). 

LPU instruction is used in combination with BR instruction 
or CAL instruction as the macro instruction of BRL or CALL 
instruction. 


ROM 
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@ BRL 

By BRL instruction, the program branches to an address in 
any bank and page. 

This instruction is a macro instruction of LPU and BR in- 
structions, which is divided into two instructions as follows. 


a-b-—— LPU a 
BR b 


BRL 


< Jump to Bank “R,,'",a Page — b Address > 


BRL instruction is a conditional instruction because of 
characteristics of LPU and BR instructions, and is executed only 
when the Status F/F is “1”. If the Status F/F is “0”, the instruc- 
tion is skipped and the Status F/F becomes “1”. The examples 
of BRL instruction are shown in Figure 8. 
© TBR (Table Branch) 

By TBR instruction, the program branches by the table. 

The program counter is modified with the accumulator, the 
B register, the Carry F/F and the operand p. 

The method for modification is shown in Figure 9. 

The bank part is determined by the logical equation: PC,, + 
P2, as shown in Table 4. 

If the address where TBR instruction exists is in the Bank 1, 
it is possible to jump to an address only in the Bank 1, not to 
an address in the Bank 0. 

If the address where TBR instruction exists is in the Bank 0, 
it is possible to jump to an address in either the Bank 1 or the 
Bank 0 depending on the value of the operand p,. 

TBR instruction is executed regardless of the Status F/F, and 
does not affect the Status F/F. 


0,7 9," 


peed ad 


ee [A 


Bank Part 


Figure 6 BR Operation 


Data I/O 
Register 





Delay by 1 -Cycle Time 


Bank Part 


Figure 7 LPU Operation 
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Branch to Bank 0 


r-LRA 7 Ry = 1" (Ray = 0") 
-LPU 5} 

BR 3F / BRLS-3F 

(Branch to Bank 0 5-3F (5-3F)) 

LAL 16 

LBA e 
r--LRA 7 R = Ss | Ld (R = “0") 
i COMB” . 
t. 

“BR” SF? BRL3I-3F 


(Branch to Bank 0 31-3F (31-3F)) 
Branch to Bank 1 


- LALO = 
cTLRA 7 Rag = "0" (Ag, = 111") 
vet oS + BRL 15-36 
? (Branch to Bank 1 15-3F (47-3F)) 

« LAI 0 

LTA _ 
ero u Rao = “90” (R,, = be | ye | 
' XMA 
‘-eLPU 10 ° 


+ BRL 10-2E 
er 2€ » (Branch to Bank 1 10-2E (42-2E)) 


Figure 8 BRL Example 


Table 4 Bank Part Truth Table of TBR Instruction 


Bank Part of PC after 











1 (Bank 1) 
1 (Bank 1) 
1 (Bank 1) 
0 (Bank 0) 


1 (Bank 1) 









0 (Bank 0) 


= SUBROUTINE JUMP 
There are two types of subroutine jumps. They are explained 
in the following paragraphs. 





e CAL 

By CAL instruction, subroutine jump to the Subroutine 
Space is performed. 

The Subroutine Space is the Bank 0 0 Page (0 Page). 

The address next to CAL instruction address is pushed onto 
the stack ST1 and the contents of the stacks ST1, ST2 and ST3 
are pushed onto the stacks ST2, ST3 and ST4 respectively as 
shown in Figure 10. 

The bank part of the program counter becomes the Bank 0 
and the page part becomes the 0 Page. The lower 6 bits (operand 
a, Oc to O01) of the ROM Object Code is transferred to the 
address part of the program counter. 

The HMCS46C has 4 levels of stack (ST1, ST2, ST3 and ST4) 
which allows the programmer to use up to 4 levels of subroutine 
jumps (including interrupts). 

CAL is a conditional instruction and executed only when the 
Status F/F is ‘1’. If the Status F/F is “0”, it is skipped and the 
Status F/F changes to “1”. 

@ CALL 

By CALL instruction, subroutine jump to an address in any 
bank and page is performed. 

Subroutine jump to any address can be implemented by the 
subroutine jump to the page specified by LPU instruction in the 
bank designated by the reversed-phase signal R7 of the Data 
1/O Register Ry. 

This instruction is a macro instruction of LPU and CAL 
instructions, which is divided into two instructions as follows. 


CALL a-b —_———_»LPU a 


CAL b 
< Subroutine Jump to Bank“’R79, a Page — b Address > 


CALL instruction is conditional because of characteristics of 
LPU and CAL instructions, and is executed when the Status F/F 
is “1” If the Status F/F is “0”, the instruction is skipped and 
the Status F/F changes to “1”. The examples of CALL instruc- 
tion are shown in Figure 11. 


[7 (Page Part) 


Bank Part 


fo Xft Address Part =} 


(PC) 


Ss r= 
I P, Pi Po 
tow th eh et 


(Modification) 


 PC,, [PC PC, PC, PC, PC,| PC, PC, PC, PC, PC, PC, 





(PC after TBR 


Instruction) 


PO, /PC,g PC, ' pc, 
+P, +P, , +Po 


PC, PC, 
+C , +B, +B, 


B, Bo A; A, A, 


Figure 9 Modification of Program Counter by TBR Instruction 
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0 0 0 0 


om | | ff | 


Part 
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| 


Sere eueeeee 


tt 4d tg 
ti dt 
bi td 


Figure 10 Subroutine Jump Stacking Order 


Subroutine Jump to Bank 0 
5 


LAI 
“LRA 7 Ri aye (Ra, ="Q") 
“LPU 5} 

CAL SE CALL 5-3F 

? (Subroutine Jump to Bank 0 5-3F (5-3F)) 

LAI 15 

LBA = 
“LRA 7 Rag = "1" (Ra, = 0") 
' COMB ‘ 
teLPU 31 

CAL 3F 7 CALL 31-3F 


Subroutine Jump to Bank 1 


LAI 
ERA 7 Rag = "0" (Ry <1" 

CAL 3F } CALL 15-3F 

LAI O 

LTA ei 
cron : Ri, = “9” (R,, ="4"" 
| XMA : 
*LPU 10 5 CALL 10-2E 

CAL 2E; 


) 


) 


(Subroutine Jump to Bank 0 31-3F (31-3F)) 


(Subroutine Jump to Bank 1 15-3F (47-3F)) 


(Subroutine Jump to Bank 1 10-2E (42-2) 


Figure 11 CALL Example 


® RAM 

RAM is a memory used for storing data and saving the con- 
tents of. the registers. Its capacity is 256 digits (1,024 bits) 
where one digit consists of 4 bits. 

Addressing of RAM is performed by a matrix of the file 
No. and the digit No. 

The file No. is set in the X register and the digit No. in the 
Y register for reading, writing or testing. Specific digits in RAM 
can be addressed not via the X register and Y register. These 
digits are called “Memory Register (MR)”, 0 to 15 (16 digits in 
all). The memory register can be exchanged with the accumu- 
lator by XAMR instruction. 
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The RAM address space is shown in Figure 12. 

In an instruction in which reading from RAM and writing to 
RAM coexist (exchange between RAM and the register), reading 
precedes writing and the write data does not affect the read 
data. 

The RAM bit manipulation instruction enables any addressed 
RAM bit to be set, reset or tested. The bit assignment is specified 
by the operand n of the instruction. 

The bit test makes the Status F/F “1” when the assigned bit 
is “1” and makes it ‘“O” when the assigned bit is “O”. 

Correspondence between the RAM bit and the operand n is 
shown in Figure 13. 
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Y register 
Digit No 








‘ON Ol!4 
40381681 x 


Figure 12 RAM Address Space 


M(0} 
M(1) 
M(2) 
M(3) 


n 


2? 2' 2° 


23 
Bit Assignment No. (Operand) 


Figure 13 RAM Bit and Operand n 


iil 


n= 
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= REGISTER 

The HMCS46C has eight 4-bit registers and two 1-bit registers 
available to the programmer. The 1-bit registers are the Carry 
F/F and the Status F/F. They are explained in the following 
paragraphs. 

@ Status F/F (S) 

The Status F/F latches the result of logical or arithmetic 
operations (Not Zero, Overflow) and bit test operations. The 
Status F/F affects conditional instructions (LPU, BR and CAL 
instructions). These instructions are executed only when the 
Status F/F is ‘‘1”’. If it is ‘‘0”’, these instructions are skipped and 
the Status F/F becomes “1”. 
®@ Accumulator (A; A Register) and Carry F/F (C) 

The result of the Arithmetic Logic Unit (ALU) operation (4 
bits) and the overflow of the ALU are loaded into the accumula- 
tor and the Carry F/F. The Carry F/F can be set, reset or tested. 
Combination of the accumulator and the Carry F/F can be right 
or left rotated. The accumulator is the main register for ALU 
operation and the Carry F/F is used to store the overflow gener- 
ated by ALU operation when the calculation of two or more 
digits (4 bits/digit) is performed. 

@ B Register (B) 

The result of ALU operation (4 bits) is loaded into this 
register. The B register is used as a sub-accumulator to stack 
data temporarily and also used as a counter. 

@ X Register (X) 

The result of ALU operation (4 bits) is loaded into this 
register. The X register has exchangeability for the SPX register. 
The X register addresses the RAM file. 

@ SPX Register (SPX) 

The SPX register has exchangeability for the X register. 

The SPX register is used to stack the X register and expand 
the addressing system of RAM in combination with the X 
register. 
© Y Register (Y) 

The result of ALU operation (4 bits) is loaded into this 
register. The Y register has exchangeability for the SPY register. 
The Y register can calculate itself simultaneously with transfer- 
ring data by the bus lines, which is usable for the calculation of 
two or more digits (4 bits/digit). The Y register addresses the 
RAM digit and 1-bit Discrete 1/0. 
© SPY Register (SPY) 

The SPY register has exchangeability for the Y register. The 
SPY register is used to stack the Y register and expand the 
addressing system of RAM and 1-bit Discrete I/O in combina- 
tion with the Y register. 


The Data I/O Registers R4 and RS, which are not connected 
to the LSI pin, can be used for general purpose registers. 
@ R4 Register (R4) 

The contents of the accumulator and the B register are trans- 
ferred by LRA and LRB instructions, respectively. The con- 
tents of the R4 register are sent to the accumulator and the B 
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register by LAR and LBR instructions, respectively. 
@ RS Register (R5) 

The contents of the accumulator and the B register are trans- 
ferred by LRA and LRB instructions, respectively. The contents 
of the RS register are sent to the accumulator and the B register, 
respectively. 


BS INPUT/OUTPUT 
@ 4-bit Data Input/Output Common Channel (R) 

The HMCS46C has four 4-bit Data I/O Common Channels 
(RO, R1, R2 and R3). 

The 4-bit registers (Data I/O Register) are attached to these 
channels. 

Each channel is directly addressed by the operand p of 
input/output instruction. 

The data is transferred from the accumulator and the B 
register to the Data I/O Registers RO to R3 via the bus lines. 
Pattern instruction enables the patterns of ROM to be loaded 
into the Data I/O Registers R2 and R3. 

Input, instruction enables the 4-bit data to be sent to the 
accumulator and the B register from RO toR3. Note that, since 
the Data I/O Register’s output is directly connected to the pin 
even during execution of input instruction, the input data is 
wired logic of the Data I/O Register’s output and the pin input. 
Therefore, the Data I/O Register should be set to 15 (all bits 
of the Data I/O Register is “1’’) not to affect the pin input 
before execution of input instruction, and Open Drain or With 
Pull up MOS should be specified for the I/O configuration of 
these pins. 

The block diagram is shown in Figure 14. The I/O timing is 
shown in Figure 15. 

@ 1-bit Discrete Input/Output Common Terminal (D) 

The HMCS46C has 16 1-bit Discrete 1/0 Common Terminals. 

The 1-bit Discrete I/O Common Terminal consists of a 1-bit 
latch and an I/O common pin. 

The 1-bit Discrete I/O is addressed by the Y register. The 
addressed latch can be set or reset by output instruction and 
“0” and “1”? level can be tested with the addressed pin by input 
instruction. 

Note that, since the latch output is directly connected to the 
pin even during execution of input instruction, the input data 
is wired logic of the latch’s output and the pin input. Therefore, 
the latch should be set to “‘1” not to affect the pin input before 
execution of input instruction and Open Drain or With Pull up 
MOS should be specified for the I/O configuration of this pin. 

The Do to D3 terminal are also addressed directly by the 
operand n of input/output instruction and can be set or reset. 
The block diagram is shown in Figure 16 and the I/O timing is 
shown in Figure 17. 

@ 1/0 Configuration 

The I/O configuration of each pin can be specified among 
Open Drain, With Pull up MOS and CMOS using a mask option 
as shown in Figure 18. 


97 


HMCS46C, HMCS46CL 


Output Function 





Data 
- 
' 
1 
i 1 92 
All bits are re ceva es 
set to “1” by the 
reset function To the accumulator and the B register 
Figure 14 4-bit Data |/O Block Diagram 
Ls! One Instruction Cycle 
Internal 
Clock 
¢1 
o2 
LRA, LRB 
Pattern Instruction 
Pattern 
Instruction 
Rn Input 
LAR, LBR 
Instruction 


Instruction 





Rn Sampling Clock 
Figure 15 4-bit Data I/O Timing 


Set Signal by the reset function 


Set Instruction 


Reset Instruction 





Figure 16 1-bit Discrete 1/O Block Diagram 


98 





Ls 
Internal One Instruction Cycle 


Clock 


o1 Beara 
Lfs aaa 


Dn Set/Reset 
De (St i: seamen 


SED, RED, 
SEDO, 
REDD 
instruction 


TD 
Instruc- 
tion 
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Instruction 


Dn 





Sampling 
Clock 
Figure 17 1-bit Discrete 1/O Timing 
Applied pins; D, t0D,,, Ro to Ry,, Rio toR,;, 
Ryo 10 R,3, Ryo to Ry, 
No Pull up MOS With Pull up MOS (PMOS) CMOS 
{Open Drain) 
oeVEC. Vee 1/0 “ce 1/0 Vee 
‘ 


1/0 Enable —=1_ 











1 Enable 1 





=| 
' ! 
: ECs Vee 79 
' : ' ! 1 
H Enable 
1 1 ' 1 1 
{ ' ' ! ; 
! ' NMOS : 
NMOS ' 
1 j t 2 ; NMOS 
Input circuit Input circuit Input circuit 
NMOS aa 
1/0 Enable 1/0 Enable 


* When “Disable” is specified for the !/O State at the Halt State, 
the 1/O Enable signal shown in the figure turns off the input circuit, 
Pull up MOS, and NMOS output and sets CMOS output to high 


impedance (PMOS, NMOS; OFF). 


Figure 18 1/O Configuration 


@ TIMER/COUNTER 

The timer/counter consists of the 4-bit counter and the 6-bit 
prescaler as shown in Figure 19. The 4bit counter may be 
loaded under program control and is incremented toward 15 by 
the prescaler overflow output pulse or the input pulse of INT, 
pin (its leading edge is counted). The clock input to the counter 
is selected by the CF F/F. When the CF F/F is ‘0’, the clock 
input is the prescaler overflow output pulse (Timer Mode). 
When the CF F/F is “‘1”, the clock input is the input pulse of 
INT, pin (Counter Mode). When the counter reaches zero 
(returns from 15 to zero), the overflow output pulse is gener- 
ated and the counter continues to count (14 >15>0717>2 


mm), 


99 


The TF F/F is a flip-flop which masks interrupts from the 
timer/counter, It can be set and reset by interrupt instruction. 
If the overflow output pulse of the counter is generated when 
the TF F/F is reset (“0”), an interrupt request occurs and the 
TF F/F becomes “‘1”’. If the overflow output pulse is generated 
when the TF F/F is set (“11”), no interrupt request occurs. The 
TTF instruction enables the TF F/F to be tested. 

The prescaler is a 6-bit frequency divider. It divides a system 
clock (instruction frequency) by 64 into the overflow output 
pulses of “instruction frequency + 64”’. 

The prescaler is cleared when data is loaded into the counter 
(by LTA or LTI instruction). The frequency division is O when 
the prescaler is cleared. At the 64th clock, an overflow output 
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pulse is generated from the prescaler. During operation of the 
LSI, the prescaler is operating and cannot be stopped. (In the 
Halt state, it stops.) The relation between the specified value of 
the counter and specified time in the Timer Mode is shown in 
Table 5. 

The pulse width of the INT, pin in the Counter Mode must 
be at least 2-cycle time for both “High” and “Low” levels as 
shown in Figure 19. 
® INTERRUPT 

The HMCS46C can be interrupted in two different ways: 
through the external interrupt input pins (INT), INT, ) and the 
timer/counter interrupt request. When any interrupt occurs, 
processing is suspended, the Status F/F is unchanged, the 
present program counter is pushed onto the stack ST1 and the 
contents of the stacks ST1, ST2 and ST3 are pushed onto the 
stacks ST2, ST3 and ST4 respectively. At that time, the Inter- 
rupt Enable F/F (I/E) is set and the address jumps to a fixed 
destination (Interrupt Address), and then the interrupt routine 
is executed. Stacking the registers other than the program 
counter must be performed by the program. The interrupt 


Data bus 







Counter Overflow 
Output Pulse 


(LAT) 


Interrupt 
Request 
from Timer/ 
Counter 
(Refer to Figure 21) 


To the Status F/F 


(LTA, LTI) 


routine must end with RTNI (Return Interrupt) instruction 
which sets the I/E F/F simultaneously with the RTN instruc- 
tion, 


The Interrupt Address: 

Input Interrupt Address ........ Bank O 1 Page 3F Address 
(1 Page 3F Address) 

Timer/Counter Interrupt Address ---Bank 0 0 Page 3F Address 
(0 Page 3F Address) 


The input interrupt has priority over the timer/counter inter- 
rupt. 

The INT, and INT, pin have an interrupt request function. 
Each terminal consists of a circuit which generates leading pulse 
and the Interrupt mask F/F (IFO, IF1). An interrupt is 
enabled (unmasked) when the IFO F/F or IF1 F/F is reset. 
When the INTy or INT, pin changes from “0” to “1” (from 
“Low” level to “High” level), a leading pulse is generated to 
produce an interrupt request. At the same time, the IFO F/F 
or IF1 F/F is set. When the IFO F/F or IF1 F/F is set, the inter- 
rupt masking for the pin will result. (If a leading pulse is gen- 
erated, no interrupt request occurs.) 


Prescaler 
Overflow Output 
Pulse 


Clear (LTA, LTI) 


System 
Clock 


[ Instruction 
Frequency 


INT, Leading Pulse 
(Refer to Figure 21) 


TEINT 





tint 2 2°Tinst 
(TingtOne Instruction Cycle Time) 


Figure 19 Timer/Counter Block Diagram 


Table 5 Timer Range 


0 oe MOINES Ot Se | 
1 | eo | oT tt 
2 2 
3 RE << 
4 | es | ee S| S| 
6 ey Sy 
6 2 © GO: 
7 Es 


* Time is based on instruction frequency 200kHz. (One Instruction Cycle Time (Tingt) = Sus) 
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An interrupt request generated by the leading pulse is latched 
into the input interrupt request F/F (I/RI) on the input side. If 
the Interrupt Enable F/F (1/E) is ‘‘1’’ (Interrupt Enable State), 
an interrupt occurs immediately and the I/RI F/F and the I/E 
F/F are reset. If the I/E F/F is “0” (Interrupt Disable State), the 
I/RI F/F is held at “1”’ until the HMCS46C gets into the Inter- 
rupt Enable State. 

The IFO F/F, the IF] F/F, the INT pin and the INT, pin 
can be tested by interrupt instruction. Therefore, the INTp and 
the INT, can be used as additional input pins with latches. 

The INTy pin and INT, pin can be provided with Pull up 
MOS using a mask option as shown in Figure 20. 


No Pull up MOS 


ele, 
1/0 Enable—ef 1 
| PMOS 
f i 
‘ I 
o I 
I 
\ I 
1 ' 
‘ ‘ 
; NMOS 
' H 
cb $e oe en J Input circuit 





HMCS46C, HMCS46CL 


An interrupt request from the timer/counter is latched into 
the timer interrupt request F/F (I/RT). The succeeding opera- 
tions are the same as an interrupt from the input. Only the ex- 
ception is that, since an interrupt from the input precedes a 
timer/counter interrupt, the input interrupt occurs if both the 
I/RI F/F and the I/RT F/F are “1” (when the input interrupt 
and the timer/counter interrupts are generated simultaneously). 
During this processing, the I/RT F/F remains ‘“‘1”. The timer/ 
counter interrupt can be implemented after the input interrupt 
processing is achieved. 

The interrupt circuit block diagram is shown in Figure 21. 


With Pull up MOS (PMOS) 







, 1 
1/0 ’ ! 
Enable PMOS 
I 
' ! 
! I 
' 1 
' NMOS 
i ' 
i) ' 
: weee ewan ; Input circuit 


* When “‘Disable”’ is specified for the I/O State at the Halt State, the 
1/0 Enable signal shown in the figure turns off the input circuit and 


Pull up MOS. 


Figure 20 Configuration of INTp and INT; 





To Status F/F 
Leading Pulse 


1FO,1F1 : Set has priority over Reset. 







(Refer to Figure 19) 


D F/F (Delayed by One Instruction Cycle} 









/Ri 


INT 





interrupt 
Request 
from Timer/ 
Counter 











(Interrupt 
Mask Signal) 





/RT 


Figure 21 Interrupt Circuit Block Diagram 
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@ RESET FUNCTION 
The reset is performed by setting the RESET pin to “1” 
(“‘High”’ level) and the HMCS46C gets into operation by setting 
it to “0” (“Low” level); Refer to Figure 22. Moreover, the 
HMCS46C has the power-on reset function (ACL; Built-in Reset 
Circuit). The Built-in Reset Circuit restricts the rise condition 
of the power supply; Refer to Figure 23. When the Built-in 
Reset Circuit is used, RESET should be connected to GND. 
HMCS46CL doesn’t have the power-on reset function. 
Internal state of the HMCS46C are specified as follows by 
the reset function. 
+ Program Counter (PC) is set to Bank 1! 31 Page 3F 
Address (63 Page 3F Address). 
Data I/O Registers Rp is set to “1” (Jumps to Bank 0 by 
execution of LPU instruction after the reset). 
* 1/RI, I/RT, I/E and CF are reset to ‘“0”’. 
* JFO,IF1, and TF are set to “1”. 
* Data I/O Registers (RO to R5) and Discrete I/O Latches 
(Do to D,s;) are all set to “1”. 
Note that all the other logic blocks (the Stack Reg- 
isters, the Status F/F, the accumulator, the Carry F/F, 
the registers, the Timer/Counter, RAM) are not cleared 
by the reset function. The user should initialize these 
blocks by software. Because the Status F/F after the 
reset is not defined, set the Status F/F to ‘‘0” or “1” 
before the first execution of the conditional instruc- 
tions (LPU, CAL and BR instructions). 


(Reset State) 
HLT = Vcc 


Vec 





= HALT FUNCTION 

When the HLT pin is set to ‘0” (“‘Low” level), the internal 
clock stops and all the internal statuses (RAM, the Registers, the 
Carry F/F, the Status F/F, the Program Counter, and all the 
internal statuses) are held. Because all internal logic operation 
stop, power consumption is reduced. There are two input/ 
output statuses in the Halt State. The user should specify either 
“Enable” or “Disable” using a mask option at the time of order- 
ing ROM. 


“Enable” Output ....... The status before the 
Halt State is held 
Pull up MOS ...ON 


Input ........ Independent of the Halt 
State or Operating State 
(Input Circuit is ON) 
Since Pull up MOS is ON, Pull up MOS 
current flows with output “0” (“Low” 
level) in the Halt State (NMOS; ON). 
When an input signal changes, transi- 
tion current flows into an input circuit. 
Also, current flows into Pull up MOS. 


(Reset State) 









VIL Viv 
{Operating State) 


tast1 includes the time required from the power ON until the 
Operation gets into the constant state. 
** trsT2 is applied when the operation is in the constant state. 


Figure 22 RESET Timing 


HLT = Vee 
RESET = GND 


Vec 






torr tree 


* toFF specifies the period when the power supply if OFF in the case that a 
short break of the power supply occurs and the power supply ON/OFF is repeated. 


Figure 23 Power Supply Timing for Built-in Reset Circuit 
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These currents and added to the Stand- 
by Supply Current (or Halt Current). 
Output ....... NMOS Output: OFF 
CMOS Output: 
High Impedance 
(NMOS, PMOS: 
OFF) 
Pull up MOS ...OFF 
Input ......... Input Circuit: OFF 
Both input and output are at high 
impedance state. Since an input circuit 
is OFF, any current other than the Stand- 
by Supply Current (or Halt Current) does 
not flow even if an input signal changes. 
When the HLT pinis set to “1” (“High” level), the HMCS46C 
gets into operation from the status just before the Halt State. 
The halt timing is shown in Figure 24. 


“Disable” 


Vec SSB ana ews aa = 


HLT 


GND-<------- 


HMCS46C, HMCS46CL 


CAUTION 


If, during the Halt State, the external reset input is applied 
(RESET = “‘1”’ (“‘High”’ level)), the internal status is not held. 


® OSCILLATOR 

The HMCS46C contains its own oscillator and frequency 
divider (CPG). The user can obtain the desired timing for opera- 
tion of the LSI by merely connecting an resistor Re or ceramic 
filter circuit (Internal Clock Operation). Also an external oscil- 
lator can supply a clock (External Clock Operation). 

The OSC, clock frequency is internally divided by four to 
produce the internal system clocks. 

The user may exchange the external parts for the same LSI 
to select either of these two operational modes as shown in 
Figure 25. There is no need of specifying it by using the mask 
option. 

The typical value of clock oscillation frequency (fog-) varies 
with a oscillation resistor R¢ as shown in Figure 26. 





Figure 24 Halt Timing 


(a) Internal Clock Operation Using Resistor R; 


osc, 


Wiring of OSC, and OSC, terminals should 
Ry be as short as possible because the oscillation 
frequency is modified by capacitance of 


osc, these terminals. 


(b) Internal Clock Operation Using Ceramic Filter Circuit (This is not applied to HMCS46CL.) 


C, 
OSC, Ceramic Filter; CSBB00A (MURATA) 
Ceramic co R, ; 1MQ + 10% 
Filter C, : 100pF + 10% (Ceramic Capacitor) 
osc, C, ; 100pF + 10% (Ceramic Capacitor) 
Cc, 
GND 


The ceramic filter oscillation does not apply when using “Halt” and not 
resetting at the time of ‘‘Halt”’ cancellation. 

This circuit is the example of the typical use. As the oscillation character- 
istics is not guaranteed, please consider and examine the circuit constants 
carefully on your application. 


Figure 25 Clock Operation Modes (to be continued) 
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(c) External Clock Operation 


Th T, 
Vin 
=. ee 
Vin 
Open —] OSC, 
trep Ytep 


qT 
Duty = —————-x 100% 
Bs Tht T, 


Figure 25 Clock Operation Modes 


ea ee a 
kh SPER 
Ce eA ee 


fosc (kHz) 


= . 
nS 
Pt tf Pree 





Figure 26 Typical Value of Oscillation Frequency vs. Ry 
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® INSTRUCTION LIST 
The instructions of the HMCS46C are listed according to 
their functions, as shown in Tabie 6. 


Table 6 Instruction List 


Group Mnemonic Function Status 
Register - Register 
Instruction 


RAM Address Register 
Instruction 








<~~ >>| >NN<>om 


fe 


<<< 


SPXY) 
SPXY) 
SPXY) 
SPXY) 
(X «+ SPX) 
> Y (X # SPX) 


LAM (XY) 
LBM (XY) 
RAM : Register XMA (XY) 


Instruction XMB (XY) 
LMAIY (X) 
LMADY (X) 


Immediate Transfer ee 
Instruction 


PPSSSes|xx<x 


YLljbbte tye sit+t 


+ 
< 
+ 
‘ 
< 


ODPS|SSEVUPOYD 


M+A+C (F/F) > A 

M-A-C (F/F) > A 

M+A> A 

Decimal Adjustment (Addition) 
‘AriMirietie-laieucion Paes oan: (Subtraction) 

B > B 

“qe > CC (F/F) 

“9” - C (F/F) 

Test C (F/F) C (F/F) 

Rotation Left 

Rotation Right 

AUB > A 





(to be continued) 
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Compare Instruction 








“4 “" 
“9” 
Test 
Branch on Status 1 
Subroutine Jump on Status 1 
ROM Address Load Program Counter Upper on Status 1 
Table Branch 
Return from Subroutine 


“ye > W/E 
eager |FO 
ee 1F1 
age? TF 
anger CF 
“oO” VE 
““Q” 
“Qo” 
Interrupt Instruction “Q" 
“9” 
Test 
Test 
Test 
Test 
Test 
i >  Timer/Counter 
A > Timer/Counter 
Timer/Counter > A 
Return Interrupt 


eager > D (Y) 

“0” > D (Y) 

Test D (Y) 

“qe > dD (n) 
Input/Output “oO” > D (n) 
Instruction Rip) - A 

Rip) > B 

A > R (p) 

B + R (p) 

Pattern Generation 


RAM Bit Manipulation 
Instruction 


Sr AN AC A a ar as 





Instruction 








a 
= 
a 
> 
say 
a 
+ 
= 
ree 








No Operation 





[NOTE] 1. (XY) — after a mnemonic code has four meanings as follows. 


Mnemonic only Instruction execution only 
Mnemonic with X After instruction execution, X «+ SPX 
Mnemonic with Y After instruction execution, Y « SPY 
Mnemonic with XY After instruction execution, X « SPX, Y ++ SPY 
{Example] LAM Mo-A 
LAMX M- A, X + SPX 
LAMY M- A, Y + SPY 
LAMXY M— A, X + SPX, Y + SPY 
2. Status column shows the factor which brings the Status F/F ‘1 under judgement instruction or instruction accompanying the judgement. 
NZ .... ALU Not Zero 
| Oren ALU Overflow in Addition, that is, Carry 
NB .... ALU Overflow in Subtraction, that is, No Borrow 
Except above ....... Contents of the status column affects the Status F/F directly. 


3. The Carry F/F (C(F/F)) is not always affected by executing the instruction which affects the Status F/F. 
Instructions which affect the Carry F/F are eight as follows. 


AMC SEC 
SMC REC 
DAA ROTL 
DAS ROTR 
4. All instructions except the pattern instruction (P) are executed in 1-cycle. The pattern instruction (P) is executed 


in 2-cycye. 
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HMCS46C Mask Option List 














(1) 1/0 Option 





VO 1/0 Option Remarks 


A B Cc 






























1/0 Option Bix Wand 
= 




























































































Roo 1/0 
Rei 1/0 
Roz 1/0 
Ros 1/0 
Rio 1/0 
Rus 1/0 le naan 
le Riz 1/0 me 
D7 | vO | | Se Oe aga) 
Ds 1/0 [ Rao [io | “A —— 
Ds | vO | t oi Rai /0 | 
Dio Eee | | ‘Rn | VO | 
Di 1/0 Ra3 1/0 
Diz Tee , “Rao. = jo. 
—— vo | | ee ee /0 | 
/0 acai | Re | Vo E a ere 








Ras 1/0 


“ Specify the 1/O composition with a mark of “O"' in the applicable composition column. 
A:Nopullup MOS 86: With pullup MOS C: CMOS Output 


(2) Oscillator & Halt 


xc | Notas | Used (Reset is applied when Halt release) | Used (Reset is not applied when Halt release) 
External Clock pac al 


* Please check one section on the above chart. 

































(3) 1/O State at “Halt’’ mode 


1/O State 


(5) Package 










* Mark “./" in “O" for the selected 1/O state. 


(4) Supply Voltage (Vcc) 


Supply Voltage (Vcc) 


QO 2.5V to 5.5V 


















* Mark “./" in “OQ for the selected supply voltage. 


* Mark “s/" in “O" for the selected package. 


(6) Evchip used for Program Evaluation 


0 HD44855E— 
OQ HD44857E 


* Mark “\/" in “0 for the evchip used for program evaluation. 
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The HMCS47C is the CMOS 4-bit single chip microcomputer 
which contains ROM, RAM, I/O and Timer/Counter on single 
chip. The HMCS47C is designed to perform efficient controller 
function as well as arithmetic function for both binary and BCD 
data. The CMOS technology of the HMCS47C provides the 
flexibility of microcomputers for battery powered and battery 
back-up applications. 


HMCS47C, HMCS47CL 


a FEATURES 
@ 4-bit Architecture 








@ 4,096 Words of Program ROM and Pattern ROM (10 
bits/Word) 
@ 256 Digits of Data RAM (4 bits/Digit) 
@ 44 1/0 Lines and 2 External Interrupt Lines 
@ Timer/ Counter (FP-54) 
@ Instruction Cycle Time; 


HMCS47C_: Sus HMCS47C, HMCS47CL 


HMCS47CL : 20 us 
@ All Instructions except One Instruction; Single Word and 
Single Cycle 
@ BCD Arithmetic Instructions 
@ Pattern Generation Instruction 
— Table Look Up Capability — 
@ Powerful Interrupt Function 
3 Interrupt Sources 
2 External Interrupt Lines 
Timer/ Counter 
Multiple Interrupt Capability 








@ Bit Manipulation Instructions for Both RAM and I/O 
@ Option of !/O Configuration Selectable on Each Pin; (DP-64S) 
With Pull up MOS or CMOS or Open Drain ; 
© Built-in Oscillator = PIN ARRANGEMENT 
@ Built-in Power-on Reset Circuit (HMCS47C only) 
@ Low Operating Power Dissipation; 3.3mW typ. - 
@ Stand-by Mode (Halt Mode); 66 uW max. is) 
® CMOS Technology Sdcdda Fadad 
®@ Single Power Supply; 
HMCS47C_—: 5Vt10% 
HMCS47CL : 2.5V to 5.5V 5 
O,, 
D,, 
0, i 
O,, 
D,. HMCS47C 
Rao HMCS47CL 
Ra, HMCS47C 
af HMCS47CL 
Ru 
R,, 
R,, 
R,, 
RESET 
GND 





(Top View) (Top View) 
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= BLOCK DIAGRAM e 





ROM 

4,096 x 10 bit 
(program memory and 
Pattern memory) 


Instruction 
Decoder 


Stack Register 
(4x 12 bit) 


addressing 


addressing 


RAM 
256x4 bit 


Manipulation 


Bit 


' \ 1/0 Common 
oe ee o oS 


* Power-on Reset Circuit 
(ACL) is not built in HMCS47CL., 


INT, 
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@ HMCS47C ELECTRICAL CHARACTERISTICS (Voc = 5V + 10%) 
@ ABSOLUTE MAXIMUM RATINGS 


jem es Remar 
Supply Voltage oa -0.3 to +7.0 


: 7 Except for the terminals 
Terminal Voltage (1) | Ven | 0.3 to Vcc + 0.3 a specified by Vz, 


Applied to the Open Drain 
Terminal Voltage (2) Vr2 -0.3 to +10.0 Vv type of Output pins and Open 
Drain type of I/O pins. 
Maximum Total Output Current (1) | -Zloa_| | mA | {NOTE 3} 
Maximum Tota! Output Current (2) | Sloe. | | mA | [NOTE 3] 
Operating Temperature -20 to +75 
Storage Temperature -55 to +125 


[NOTE 1] Permanent LS! damage may occur if “Maximum Ratings” are exceeded. Normal operation should be under the conditions of “ELECTRICAL 
CHARACTERISTICS -1, -2”. If these conditions are exceeded, it could be cause of malfunction of LS! and affects reliability of LSI. 
(NOTE 2] All voltages are with respect to GND. 


{NOTE 3] The Maximum Total Output Current is total sum of output currents which can flow out (or flow in) from or into the 1/O pins and Output 
Pins simultaneously. 
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@ ELECTRICAL CHARACTERISTICS-1 (Vcc = 5V + 10%, Ta = -20°C to +75 °C) 






| Value 
Item Test Conditions Note 
aie ee mec On 
input “Low” Voltage Mie ee 
input “High” Voltage) | Vw ————S~*d Vee = | | Veo | vt 2 
input “High” Voltage (2) | Vn | ———*(Vec-10 | = [10 | v | a 
Output "Low" Voltas | Vo.| lo=t6ma—*i| - | - [oe |v | 
Output “High” Voltage) | Vow | -lon=1.0ma_—-| '2a | - | - |v 
Output “High” Voltage (2) | Vou | -lon=00ImA _|Vec-08 | - | - | v | 8 
interrupt InputHoid Time | twr | —SSS«d inst | | | os 
interupt input FallTime | twtr | —SSSSSCSC~idCSCS id i | 
interrupt Input Rise Time | tw | ——SSSSSSC*dT SS | | 
eee is eos SL eee ee een eae wi 
in 
Pull up MOS Current [ Vec=5V0 CT OST = _—C|so250 || BA | 
Vin = Vec. Vee = SV, 
Supply Current (1) Ceramic Filter 7 
Oscillation 
(fosc = 800kKHz) 
Vin = Voc. Vec = 5V 
R¢ Oscillation 
Supply Current (2) (fose = 800kKHz) mA 7 
External Clock 
Operation (f,, = 800kHz) 


ACT [Vn=0t0Vec | - | - [+ | #A [8.8 
=10v [V,=0rtov| - | - [3 |#a [68 
Vn-Vecmut=02v | - | - | | ua] 9 


Standby 1/O Leakage 
Current 


Standby Supply Current 

External Clock Operation 
External Clock Frequency 
External Clock Duty Duty 
External Clock Rise Time 


External Clock Fall Time SaaS ees RO 


Internal Clock Operation (R; Oscillation) 
Ry = 51kQ + 2% 


nn 


Clock Oscillation Frequency 





ii 


Internal Clock Operation (Ceramic Filter Oscitlation) 
Clock Oscillation Frequency f 





instruction Cycle Time Tine: Tinst = 4/f | 44 | 


i 


Instruction Cycle Time Tinst Tinst = 4/fosc 


[NOTE 1] Ali voltages are with respect to GND. 

(NOTE 2} This is apptied to RESET, HLT, OSC,, INT,, INT, and the With Pull up MOS or CMOS type of I/O pins. 
{NOTE 3] This is applied to the Open Drain type of t/O pins. 

(NOTE 4] This is applied to the CMOS type of I/O or Output pins. 

(NOTE 5] This is apptied to the With Pull up MOS or CMOS type of I/O or Output pins. 

[NOTE 6] This is applied to the Open Drain type of I/O or Output pins. 

(NOTE 7] 1/0 current is excluded. 

[NOTE 8} The Standby 1/O Leakage Current is the !/O leakage current in the Halt and Disable State. 


(NOTE 9] 1/0 current is excluded. 
The Standby Supply Current is the supply current at Vcc=5V + 10% in the Halt State. The supply current in the case where the supply 
voltage falls to the Halt Duration voltage is called the Halt Current (Ip}4), and it is shown in “ELECTRICAL CHARACTERISTICS -2.” 
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© ELECTRICAL CHARACTERISTICS-2 (Ta =-20°C to +75°C) 
Reset and Halt 


Test Conditions 


|_min. | 
T= 0.2V | 23 


cc 
LT = 0.2V, Voy = 2.3V 


Item Symbo! Unit 


Halt Duration Voltage DH 


Halt Current LA 


Halt Delay Time 

Operation Recovery Time 
HLT Fall Time tet 
HLT Rise Time tet 
HLT “Low” Hold Time tuLt 


us 
ys 
us 
us 
Us 


x Z| 
fl i 
" < 


R¢ Oscillation, External Clock 


HLT “High” Hoid Time Operation 
Ceramic Filter Oscillation 


Power Supply Rise Time tree Built-in Reset, HLT = Voc 0.1 


2100" 2 
poo 
Le 
per 
co 
al 





External Reset yet, 
Vec = 4.5 to 5.5V, HLT = Vec 


(R¢ Oscillation, External Clock 
Operation) 





RESET Pulse Width (1) thea = ara (RRet 


Vec =45to 5.5V, HLT = Vec 
(Ceramic Filter Oscillation) 


External Reset 
RESET Pulse Width (2) trst2 Vec =45to 5.5V, 2° Tinst 


us 








RESET Fall Time RST HLT = Vcc 


RESET Rise Time trast HLT =Vcc ee 4 


ms 





(NOTE] Atl voltages are with respect to GND. 


® HMCS47CL ELECTRICAL CHARACTERISTICS (2.5V to 5.5V) 
@ ABSOLUTE MAXIMUM RATINGS 


item Sym 
Supply Voltage Vec -0.3 to +7.0 
Except for the terminals 


Terminal Voltage (1) Vri -0.3 to Vcc + 0.3 specified by V5 


Applied to the Open Drain 
Vi2 -0.3 to +10.0 Vv type of Output pins and Open 
Drain type of 1/0 pins. 
Maximum Total Output Current (1) 


a [NOTE 3] 
Maximum Total Output Current (2) hy eee 


[NOTE 3] 
Operating Temperature Topr -20 to +75 
Storage Temperature Tg -55 to +125 


[NOTE 1} Permanent LSI damage may occur if “Maximum Ratings” are exceeded. Normal operation should be under the conditions of “ELECTRICAL 
CHARACTERISTICS —1, —2.” If these conditions are exceeded, it could be cause of malfunction of LSI and affects reliability of LSI. 


(NOTE 2] All voltages are with respect to GND. 


(NOTE 3] The Maximum Total Output Current is total sum of output currents which can flow out (or flow in) from or into the 1/O pins and Output 
pins simultaneously. 


Remarks 


Terminal Voltage (2) 


fe] 
i) 


ele B) < | <[<{§| 
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@ ELECTRICAL CHARACTERISTICS — 1 (Vcc = 2.5 to 5.5V, Ta = -20 to +75°C) 


[NOTE 1] 
(NOTE 2] 
[NOTE 3] 
[NOTE 4} 
{NOTE 5) 
(NOTE 6] 
[NOTE 7] 
{NOTE 8] 
{NOTE 9] 














an Value 
Item Symbo!} Test Conditions : Unit Note 
min. typ. max. 
input "Low" Volto Vad rg | | 
Input “High” Voltage (1) 0.85'Vcc | — Voc Vv 
Input “High” Voltage (2) | Vin2 0.85°Vcc | — 10 Vv 
Output “Low” Voltage | Vor lo. = 0.4 mA - |=] o [v | 
Output “High” Voltage Vou -lon = 0.08 mA ett 4 
interrupt Input Hold Time 2°Tinst _ Bs 
ioerupt Input Fai Time [wnt [Si | 
ay 


a 
a 


Interrupt Input Rise Time | teint 














3.5V 


Standby Supply Current lecs Vec 
ALT = | Voc=2.5 to 
0.1V 5.5V 








Output “High” Level i 
[Vin=OtoVec  ——ss| S| — CS 2 
Input Leakage Current I an 
rout teotame Carent [In [Vig= 00 10¥ -— [= 3 |" [os 
Pull up MOS Current -Ip Vec = 3V 10 6] — | 80 | yA | 
Vin=Vec, Veco=3V 
(fose/fep = 200kHz) 
Supply Current lec R¢ Oscillation, - - 140 LA 7 
External Clock 
Operation 
Vin=0 to Vcc 1 BA 5,8 
Standby 1/O Leakage ALT |" 
Current ts =0.5V 
Vin=0 to 10V 3 HA 6,8 
9 
10 













External Clock Duty 
External Clock Rise Time 














External Clock Fall Time 
Instruction Cycle Time 











R¢ = 200kQ + 2% 
Vec=2.5 to 3.5V 
RF=200KQ + 2% 
Vec=2.5 to 5.5V 


Tinst=4/fose 
Vec= 2.5 to 3.5V 


7 T; st 4/ f 
Tinst Voe=2.5 to 5.5V 





Clock Oscillation 
Frequency 























Instruction Cycle Time 






All voltages are with respect to GND. 

This is applied to RESET, HLT, OSC,, INT), INT, and the With Pull up MOS or CMOS type of I/O pins. 

This is applied to the Open Drain type of 1/0 pins. 

This is applied to the CMOS type of !/O or Output pins. . 

This is applied to the With Pull up MOS or CMOS type of !/O or Output pins 

This is applied to the Open Drain type of I/O or Output pins. 

1/0 current is excluded, 

The Standby |/O Leakage Current is the 1/O leakage current in the Halt and Disable State. 

1/O current is excluded. 

The Standby Supply Current is the supply current at Vcc=2.5 to 5.5V in the Halt State. The supply current in the case where the 


supply voltage falls to the Halt Duration voltage is called the Halt Current (Ip), and it is shown in “ELECTRICAL CHARACTERISTICS 


-2." 
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@ ELECTRICAL CHARACTERISTICS — 2 (Ta = -20 to +75 C) 
Reset and Halt 





























| min, | max. | 
Halt Duration Voltage ALT = 0.2V 20: he ee Vv 
Operation Recovery Time trc | 200 [| -— | us 
HLT Fall Tne i ene ee ST 
HLT Rise Time trHLT - Ms 
HLT “Low” Hold Time tHLT 800 ee Us 
R¢ Oscillation, 
FLT “High” Hold Time tone Fl iia aS ms 
Vec=2.5 to 5.5V 
External Reset 
mee ce to 5.5V 
RESET Pulse Width (1) testi Ry Oseillston, Ge ms 
External Clock 
Operation 
External Reset 
RESET Pulse Width (2) trst2 Vv sa to 5.5V 2°Tinst us 
= Vcc 
RESET Fall Time HLT = Vcc | —- | 20 | ms 


(NOTE) All voltages are with respect to GND, 


= SIGNAL DESCRIPTION 

The input and output signals for the HMCS47C, shown in 
PIN ARRANGEMENT, are described in the following para- 
graphs. 

@ Vcc and GND 

Power is supplied to the HMCS47C using these two pins. 
Vec is power and GND is the ground connection. 

@ RESET 

This pin allows resetting of the HMCS47C at times other 
than the automatic resetting capability (ACL; Built-in Reset 
Circuit) already in the HMCS47C. The HMCS47C can be reset 
by pulling RESET high. Refer to RESET FUNCTION for addi- 
tional information. 

@ OSC, and OSC, 

These pins provide control input for the built-in oscillator 
circuit. A resistor, ceramic filter circuit, or an external oscillator 
can be connected to these pins to provide a system clock with 
various degrees of stability/cost tradeoffs. Lead length and stray 
capacitance on these two pins should be minimized. Refer to 
OSCILLATOR for recommendations about these pins. 

e ALT 

This pin is used to place the HMCS47C in the Halt State 
(Stand-by Mode). 

__ The HMCS47C can be moved into the Halt State by pulling 
HLT low. 


In the Halt State, the internal clock stops and all the internal 
statuses (the RAM, the registers, the Carry F/F, the Status 
F/F, the Program Counter, and all the internal statuses) are 
held. 

Consequently, the power consumption is reduced. By pulling 
HLT high, the HMCS47C starts operation from the state just 
before the Halt State. 

Refer to HALT FUNCTION for details of the Halt Mode. 

e@ TEST 

This pin is not for user application and must be connected 
to Vec.- ; 

@ INT) and INT, 

These pins provide the capability for asynchronously apply- 
ing external interrupts to the HMCS47C. 

Refer to INTERRUPTS for additional information. 
© Roo — Ros, Rio — Riz, Rao — Raz, Rao — Raz, Rao — Ras, 

Rso — Rs3 

These 24 lines are arranged into six 4-bit Data Input/Output 
Common Channels. 

The 4-bit registers (Data I/O Register) are attached to these 
channels. Each channel is directly addressed by the operand of 
input/output instruction. Refer to INPUT/OUTPUT for addi- 
tional information. 

@ Reo — Res 
These 4 lines are the 4-bit Data Output Channel. 
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The 4-bit register (Data I/O Register) is attached to this 
channel. 

The channel is directly addressed by the operand of output 
instruction. 

Refer to INPUT/OUTPUT for additional information. 

@ Do — Dis 

These lines are 16 1-bit Discrete Input/Output Common 
Terminals. 

The 1-bit latches are attached to these terminals. Each ter- 
minal is addressed by the Y register. The Dp to D3 terminals are 
also addressed directly by the operand of input/output instruc- 
tion. Refer to INPUT/OUTPUT for additional information. 
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= ROM 
@ ROM Address Space 

ROM is used as a memory for the instructions and the pat- 
terns (constants). The instruction used in the HMCS47C consists 
of 10 bits. These 10 bits are called ‘a word”, which is a unit 
for writing into ROM. 

The ROM address has been split into two banks. 

Each bank is composed of 32 pages (64 words/page). 

The ROM capacity is 4,096 words (1 word = 10 bits) in all. 

All addresses can contain both the instructions and the pat- 
terns (constants). 

The ROM address space is shown in Figure 1. 


|~____— 64 words ————> 


1F OF + WH 3E 3F 





O Page 
1 Page 


*Subroutine Space G 
% 
\ 





Timer/Counter Interrupt Address 
Bank O OPage 3F Address 
(O Page 3F Address) 





Input Interrupt Address 
Bank QO 1 Page 3F Address 
(1 Page 3F Address} 


Bank 0 
30 Page 
31 pose | _—*dSY 
ore] —*d a2 Pa 
1 Page 
Bank 1 





Reset Address 
Bank 1 31 Page 3F Address 
(63 Page 3F Address) 


*Bank 0 0 Page (0 Page) is the Subroutine Space. 


Note: The parenthesized contents are expressions of the Page, combining 


the bank part with the page part. 


Figure 1 ROM Address Space 
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@ Program Counter (PC) program counter consists of the bank part, the page part, and 
The program counter is used for addressing of ROM. The _ the address part as shown in Figure 2. 
Bank Page Address 


[ome ]} 
— 


- 
(32 Pese) } 3F Address 
(33 Page) 3E Address 


' 
' 
i 
i 
1 
' 
' 


OF Address 
1F Address 











Pc, PC,, PC, PC, PC, PC,|] PC, PC, PC, PC, PC, PC, 


Pi Address 
Genk Part Part 
\_—tPage Part) ——/ 


Note: The parenthesized contents are expressions of the 
Page,combining the bank part with the page part. 


Figure 2 Configuration of Program Counter 


The bank part is a 1-bit register and the page part is a 5-bit Table 1 Program Counter Address Part Sequence 
register, 

Once a certain value is loaded into the bank part or the page 
part, the content is unchanged until other value is loaded by a 
program. 

The settable value is “0” (the Bank 0) or “1” (the Bank 1) 
for the bank part, and 0 to 31 for the page part. 

The address part is a 6-bit polynomial counter and counts up 
for each instruction cycle time. The sequence in the decimal and 
hexa-decimal system is shown in Table 1. This sequence is cir- 
culating and has neither the starting nor ending point. It doesn’t 
generate an overflow carry. Consequently, the program on a 
same page is executed in order unless the value of the bank part 
or the page part is changed. 
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@ Designation of ROM Address and ROM Code 

The bank part of the ROM address is shown in the binary 
system and the page part in the decimal system. The address 
part is divided into 2 bits and 4 bits, and shown in the hexa- 
decimal system. 

It is possible to combine the bank part and the page part and 
show the combined part as the Page (in the decimal system). 


(a) ROM Address 


(Page Part) —————_, 
Bank Part 
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In this case, the 0 Page to the 31 Page in the Bank 1 are shown 
as the 32 Page to the 63 Page. The examples are shown in Figure 
3. 

One word (10 bits) of ROM is divided into three parts (2 
bits, 4 bits and 4 bits from the most significant bit O49 in order) 
shown in the hexa-decimal system. The examples are shown in 
Figure 3. 


/—\-—— Page Part ——— ,-——— Address Part ——— 


Ber eee as fag Sica 


—/\__—- Decimat ——Y “"____/ \— Hexa- 


i decimal 
\————— (Decimal) eee ' 


(b) ROM Code 


O10 


0 1 1 0 1 1 0 1 Oo 


= Hexa- AV Hexa-decimal —\— Hexa-decimal —_ 


decimal 


—___/ (52-26: 52 Page 26 Address) 


decimal 


1 


0, 


ROM Pattern, Object Code: 185 


Figure 3 Designation of ROM Address and ROM Code 


= PATTERN GENERATION 

The pattern (constant) can be accessed by the pattern instruc- 
tion (P). The pattern can be written in any address of the 
ROM address space. 
© Reference 

ROM addressing for reference of the patterns is achieved by 
modifying the program counter with the accumulator, the B 
register, the Carry F/F and the operand p. Figure 4 shows how 
to modify the program counter. The address part is replaced 
with the accumulator and the lower 2 bits of B register, while 
the page part and the bank part are ORed with the upper 2 bits 
of B register, the Carry F/F and the operand p. 

The value of the operand p (p2, pi, Po) is 0 to 7 (decimal). 

The bank part of the ROM address to be referenced to is 
determined by the logical equation: PC,, + P2 (P, = the MSB of 
the operand p). 

If the address where the pattern instruction exists is in the 
Bank 1, only the pattern of the Bank 1 can be referenced. 

If the address where the pattern instruction exists is in the 
Bank 0, the pattern of the either Bank 1 or Bank 0 can be refer- 
enced depending on the value of p,. The truth table of the bank 
part of the ROM address is shown in Table 2. 

The value of the program counter is apparently modified and 
does not change actually. After execution of the pattern instruc- 
tion, the program counter counts up and the next instruction is 


executed. 
The pattern instruction is executed in 2-cycle time. 


@ Generation 

The pattern of referred ROM address is generated as the fol- 
lowing two ways: 

(i) The pattern is loaded into the accumulator and B 

register. 

(ii) The pattern is loaded into the Data I/O Registers R2 

and R3. 

Selection is determined by the command bits (Og, O49) in 
the pattern. 

Mode (i) is performed when Og is “1” and mode (ii) is per- 
formed when Ojo is “1”. 

Mode (i) and (ii) are simultaneously performed when both of 
Og and Ojo are “‘1”’. The correspondence of each bit of the pat- 
tern is shown in Figure 5. 

Examples of the pattern instruction is shown in Table 3. 


CAUTION 
In the program execution, the pattern can not be distinguish- 
ed from the instruction. When the program is executed at the 
addresses into which pattern is written, the instruction corres- 
ponding to the pattern bit is executed. Take care that a pattern 
is not executed as an instruction. 
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7 (Page Part) Wh 
t 
Bank Par Page Part——— | core Address Part —— 


(Pc) | Pc,,] PC,, PC, PC, PC, PC,| PC, PC, PC, PC, PC, PC, 


areas cies en 
(Data for Modification) 1p, P, Po 
[ i See Ree 





Ss a laa a ed ees a ea 

(Reference "Pc i TPC, ot PC aS PCy 7 A, He 7 A, 1 A, | 

ROM address) lap, | +p, lea, bec) ; UB et Bort ee 
Lota bit IA! Hae Bay Sak eek: eke “ia a. J 


Figure 4 ROM Addressing for Pattern Generation 


Table 2 Bank Part Truth Table of Pattern Generation 








Bank part of ROM address 
to be referenced to 


1 (Bank 1) 
1 (Bank 1) 
1 (Bank 1) 
0 (Bank 0) 





1 (Bank 1) 













0 (Bank 0) 


Pattern of ROM 


Loaded into the accumulator 
and B register 





r7~ Tt 


Loaded into the R2 and R3 
11 Ryo Ry, Rag Ras] Rao Ry Ray Ros registers _ 
LoL. 
Figure 5 Correspondence of Each Bit of Pattern 
Table 3 Example of Pattern Instructions 
Before ea Referred ROM ROM After Execution 


PC Address | Pattern [8 [ A | 2 
Bank 0 0-3F Bank 0 10-20 
(0-3F) (10-20) 
Bank 0 0-3F 7 Bank 1 29-00 
(0-3F) (61-00) 
Bank 1 30-00 one Bank 1 30-09 rake 
(62-00) (62-09) 
Bank 1 30-00 0/1** Bank 1 31-39 
(62-00) (63-39) 


* _."" means that the value does not change after execution of the instruction. 


** “O/1" means that either ‘0’ or 1" may be selected. 
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® BRANCH 

ROM is accessed according to the program counter sequence 
and the program is executed. In order to jump to any address 
out of the sequence, there are four ways. They are explained in 
the following paragraphs. 

e BR 

By BR instruction, the program branches to an address in the 
current page. 

The lower 6 bits of ROM Object Code (operand a, O, to O; ) 
are transferred to the address part of the program counter. This 
instruction is a conditional instruction and executed only when 
the Status F/F is “‘1’’. If it is “0’’, the instruction is skipped and 
the Status F/F becomes “1°”. The operation is shown in Figure 6. 
@ LPU 

By LPU instruction, the jump of the bank and page is per- 
formed. 

The lower 5 bits of the ROM Object Code (operand u, O, 
to O,) are transferred to the page part of the program counter 
with a delay of l-cycle time. At the same time, the signal Rw 
(the reversed-phase signal of the Data I/O Register Rv) is 
transferred to the bank part of the program counter with a 
delay of 1-cycle time. The operation is shown in Figure 7, 


Consequently, the bank and page will remain unchanged in 
the cycle immediately following this instruction. In the next 
cycle, a jump of the bank and page is achieved. 

This instruction (LPU) is conditional, and is executed only 
when the Status F/F is “1”. Even after a skip, the Status F/F 
will remain unchanged (‘0’). 

LPU instruction is used in combination with BR instruction 
or CAL instruction as the macro instruction of BRL or CALL 
instruction. 
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@ BRL 

By BRL instruction, the program branches to an address in 
any bank and page. 

This instruction is a macro instruction of LPU and BR 
instructions, which is divided into two instructions as follows. 


BRL a-b—— LPU a 
BR b 


< Jump to Bank “’R7,”,a Page — b Address > 


BRL instruction is a conditional instruction because of 
characteristics of LPU and BR instructions, and is executed only 
when the Status F/F is ‘“‘1’’. If the Status F/F is “0”’, the instruc- 
tion is skipped and the Status F/F becomes “1”. The examples 
of BRL instruction are shown in Figure 8. 
© TBR (Table Branch) 

By TBR instruction, the program branches by the table. 

The program counter is modified with the accumulator, the 
B register, the Carry F/F and the operand p. 

The method for modification is shown in Figure 9. 

The bank part is determined by the logical equation: PC,, + 
P2, as shown in Table 4. 

If the address where TBR instruction exists is in the Bank 1, 
it is possible to jump to an address only in the Bank 1, not to 
an address in the Bank 0. 

If the address where TBR instruction exists is in the Bank 0, 
it is possible to jump to an address in either the Bank 1 or the 
Bank 0 depending on the value of the operand p. 

TBR instruction is executed regardless of the Status F/F, and 
does not affect the Status F/F. 


Pi dd dd 
~ LEE] 


Bank Part 


Figure 6 BR Operation 


Data !/O 
Register 








Bank Part 


Delay by 1-Cycle Time 


Figure 7 LPU Operation 
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Branch to Bank 0 
* LAI 15 


roLRA 7 | Rag = "1" (A, = 0") 
~-eLPU - & BRL5S-3F 
BR + (Branch to Bank 0 5-3F (5-3F)) 
LAl 15 
LBA __ 
ete R,) = "1" (R,, = "0") 
lap q 
Bae - > BRL31-3F 


(Branch to Bank 0 31-3F (31-3F)) 


Branch to Bank 1 


- LALO = 
“LRA 7 Rap = "0" (Ra. = 1") 
‘eLPU 15} an is 

BR get BRL15-3F 

{Branch to Bank 1 15-3F (47-3F)) 

LAI oO 

LTA = 
“LRA 7 Rp = "0" (Rao = 1") 
LY! 2 70 10 
' XMA : 
TT EBS -cae + BRL 10.26 


(Branch to Bank 1 10-2E (42-2E)) 


Figure 8 BRL Example 


Table 4 Bank Part Truth Table of TBR Instruction 


Bank Part of PC after 











1 (Bank 1} 
1 (Bank 1) 
1 (Bank 1) 
0 (Bank 0} 






1 (Bank 1) 









0 (Bank 0) 






® SUBROUTINE JUMP 
There are two types of subroutine jumps. They are explained 
in the following paragraphs. 


@ CAL 

By CAL instruction, subroutine jump to the Subroutine 
Space is performed. 

The Subroutine Space is the Bank 0 0 Page (0 Page). 

The address next to CAL instruction address is pushed onto 
the Stack ST1 and the contents of the stacks ST1, ST2 and ST3 
are pushed onto the stacks ST2, ST3 and ST4 respectively as 
shown in Figure 10. 

The bank part of the program counter becomes the Bank 0 
and the page part becomes the 0 Page. The lower 6 bits (operand 
a, Oc to O1) of the ROM Object Code is transferred to the ad- 
dress part of the program counter. 

The HMCS47C has 4 levels of stack (ST1, ST2, ST3 and ST4) 
which allows the programmer to use up to 4 levels of subroutine 
jumps (including interrupts). 

CAL is a conditional instruction and executed only when the 
Status F/F is “1’’. If the Status F/F is “0”, it is skipped and the 
Status F/F changes to “1”, 

@ CALL 

By CALL instruction, subroutine jump to an address in any 
bank and page is performed. 

Subroutine jump to any address can be implemented by the 
subroutine jump to the page specified by LPU instruction in the 
bank designated by the reversed-phase signal R7) of the Data 
1/0 Register R79. 


This instruction is a macro instruction of LPU and CAL 
instructions, which is divided into two instructions as follows. 


CALL a-b ——__——LPU a 


CAL b 
< Subroutine Jump to Bank “Aso”, a Page — b Address > 


CALL instruction is conditional because of characteristics of 
LPU and CAL instructions and is executed when the Status F/F 
is “1”. If the Status F/F is “0”, the instruction is skipped and 
the Status F/F changes to “1”. The examples of CALL instruc- 
tion are shown in Figure 11. 


| ce (Page Part) 


Bank Part 


foo Page Part ——— ->——— Address Part SS} 


(PC) PCy, PC PC, PC, PC, PC, 


r-4+-T- 
(Modification) !' Pp, P, Po C | B, 
bo bod . 


(PC after TBR 
Instruction) 


PC, PC, PC, PC, PC, PC 


P PC,,, PC,’ pc, ' Pc, * PC 
rr 10 9 6 A A 
+P, , +Po +c" +B, +B, B, Ba Ay Ms 3 ° 


Figure 9 Modification of Program Counter by TBR Instruction 
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ROM 


PC 


sT1 


ST2 


ST3 


ST4 
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O, a ee 0, 


Sanaa 


0 0 0 0 


eee 


i 


Reeceoreeee 


Figure 10 Subroutine Jump Stacking Order 


Subroutine Jump to Bank 0 
» LAI 15 


~LRA 7 Rag = "1" (Ry = 0") 
ae 8.4 CALL 5-3F 
SAL, <3F } (Subroutine Jump to Bank 0 5-3F (5-3F)) 
LAI 15 
LBA = 
LRA 7 R,, = "1" (Rj, = “0") 
' COMB é 
teLPU 31 
CAL 3F CALL 3-3F 


(Subroutine Jump to Bank 0 31-3F (31-3F)) 


Subroutine Jump to Bank 1 
e Lb 


Al 0 
LRA 7 Rap = "0" (Apo = "1") 
“CAL aR CALL 15-3F 
oe (Subroutine Jump to Bank 1 15-3F (47-3F)) 

LAi 0 

LTA = 
LRA 7 Rag = "0" (Aug = 1") 
‘LYl 3 
| XMA : 
‘eLPU 10 

CAL 2E } CALL 10-2E 


8 RAM 


(Subroutine Jump to Bank 1 10-2E (42-2E)) 
Figure 11 CALL Example 


The RAM address space is shown in Figure 12. 


RAM is a memory used for storing data and saving the con- 
tents of the registers. Its capacity is 256 digits (1,024 bits) 
where one digit consists of 4 bits. 

Addressing of RAM is performed by a matrix of the file No. 
and the digit No. 

The file No. is set in the X register and the digit No. in the Y 
register for reading, writing or testing. Specific digits in RAM 
can be addressed not via the X register and Y register. These 
digits are called “Memory Register (MR)’”, 0 to 15 (16 digits in 
all). The memory register can be exchanged with the accumu- 
lator by XAMR instruction. 
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In an instruction in which reading from RAM and writing to 
RAM coexist (exchange between RAM and the register), reading 
precedes writing and the write data does not affect the read 
data. 

The RAM bit manipulation instruction enables any addres- 
sed RAM bit to be set, reset or tested. The bit assignment is 
specified by the operand n of the instruction. 

The bit test makes the Status F/F “1” when the assigned bit 
is “1” and makes it “0” when the assigned bit js “0”. 

Correspondence between the RAM bit and the operand n is 
shown in Figure 13. 
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Nis [14 }13]r2] 19 fro] 9 [Te [7 [6] 5] 4] 32/4 Jo] 
ifiole}e|7je}s|4{3}2]1 fo. 


Y register 
Digit No. 








Figure 12 RAM Address Space 


2 2? 2' 2° on 


CD) o = mo 
("oO J 1 mw 
[oj 2 ma 
igo 3 M(3) 


n = Bit Assignment No. (Operand) 
Figure 13 RAM Bit and Operand n 
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® REGISTER 

The HMCS47C has six 4-bit registers and two 1-bit registers 
available to the programmer. The 1-bit registers are the Carry 
F/F and the Status F/F. They are explained in the following 
paragraphs. 

@ Status F/F (S) 

The Status F/F latches the result of logical or arithmetic 
operations (Not Zero, Overflow) and bit test operations. The 
Status F/F affects conditional instructions (LPU, BR and CAL 
instructions). These instructions are executed only when the 
Status F/F is “1”. If it is “0”, these instructions are skipped and 
the Status F/F becomes “‘1”’, 

@ Accumulator (A; A Register) and Carry F/F (C) 

The result of the Arithmetic Logic Unit (ALU) operation (4 
bits) and the overflow of the ALU are loaded into the accumula- 
tor and the Carry F/F. The Carry F/F can be set, reset or tested. 
Combination of the accumulator and the Carry F/F can be right 
or left rotated. The accumulator is the main register for ALU 
operation and the Carry F/F is used to store the overflow gener- 
ated by ALU operation when the calculation of two or more 
digits (4 bits/digit) is performed. 
© B Register (B) 

The result of ALU operation (4 bits) is loaded into this 
register. The B register is used as a sub-accumulator to stack 
data temporarily and also used as a counter. 
© X Register (X) 

The result of ALU operation (4 bits) is loaded into this 
register. The X register has exchangeability for the SPX register. 
The X register addresses the RAM file. 

@ SPX Register (SPX) 

The SPX register has exchangeability for the X register. 

The SPX register is used to stack the X register and expand 
the addressing system of RAM in combination with the X 
register. 

@ Y Register (Y) 

The result of ALU operation (4 bits) is loaded into this 
register. The Y register has exchangeability for the SPY register. 
The Y register can calculate itself simultaneously with transfer- 
ring data by the bus lines, which is usable for the calculation of 
two or more digits (4 bits/digit). The Y register addresses the 
RAM digit and 1-bit Discrete I/O. 

@ SPY Register (SPY) 

The SPY register has exchangeability for the Y register. The 
SPY register is used to stack the Y register and expand the 
addressing system of RAM and 1-bit Discrete I/O in combina- 
tion with the Y register. 
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@ INPUT/OUTPUT 
© 4-bit Data Input/Output Common Channel (R) 

The HMCS47C has five 4-bit Data I/O Common Channels 
(RO, R1, R2, R3, R4 and RS) and one 4-bit Data Output Chan- 
nel (R6). 

The 4-bit registers (Data I/O Register) are attached to these 
channels. 

Each channel is directly addressed by the operand P of 
input/output instruction. 

The data is transferred from the accumulator and the B 
register to the Data I/O Registers RO to R6 via the bus lines. 
Pattern instruction enables the patterns of ROM to be loaded 
into the Data I/O Registers R2 and R3. 

Input instruction enables the 4-bit data to be sent to the 
accumulator and the B register from RO to RS. Note that, since 
the Data I/O Register’s output is directly connected to the pin 
even during execution of input instruction, the input data is 
wired logic of the Data I/O Register’s output and the pin input. 
Therefore, the Data I/O Register should be set to 15 (all bits 
of the Data I/O Register is “1”) not to affect the pin input 
before execution of input instruction, and Open Drain or With 
Pull up MOS should be specified for the I/O configuration of 
these pins. 

The block diagram is shown in Figure 14. The I/O timing is 
shown in Figure 
@ 1-bit Discrete Input/Output Common Terminal (D) 

The HMCS47C has 16 1-bit Discrete I/O Common Terminals. 

The 1-bit Discrete I/O Common Terminal consists of a 1-bit 
latch and an I/O common pin. 

The 1-bit Discrete I/O is addressed by the Y register. The 
addressed latch can be set or reset by output instruction and 
“0” and “1” level can be tested with the addressed pin by input 
instruction. 

Note that, since the latch output is directly connected to the 
pin even during execution of input instruction, the input data 
is wired logic of the latch’s output and the pin input. Therefore, 
the latch should be set’to “‘1’’ not to affect the pin input before 
execution of input instruction and Open Drain or With Pull up 
MOS should be specified for the I/O configuration of this pin. 

The Do to Ds terminals are also addressed directly by the 
operand n of input/output instruction and can be set or reset. 
The block diagram is shown in Figure 16 and the I/O timing is 
shown in Figure 17, 

@ 1/0 Configuration 

The I/O configuration of each pin can be specified among 
Open Drain, With Pull up MOS and CMOS using a mask option 
as shown in Figure 18. 
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(a) RO to R5 : 
-- Output Function “4 n=(QtoS5 
2 C) Rn, 
2? C) Rn, 
Data 
2! C) Rn, 
2 © Rn, 
e 
wow oe csescesee i ' 
t ' oe a Input Function 
All bits are aiiadectr al 
set to 1” by the 
reset function To the accumulator and the 8 register 
(b) R6 
Output Function 
Data 
All bits are 
set to “0” by the 
reset function 
Figure 14 4-bit Data I/O Block Diagram 
Ls! One Instruction Cycle 
Internal 
Clock 
91 
92 
LRA, LRB 
Instruction 
Pattern 
Instruction 
Rn Input 
LAR, L8R Instruction 
Instruction 





Rn Sampling Clock 


Figure 15 4-bit Data 1/O Timing 


Set Signal by the reset function 


Set Instruction 


Reset Instruction 





Figure 16 1-bit Discrete 1/O Block Diagram 
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LS} ; 
Internal One Instruction Cycle 
Clock 
° a re 

SED, RED, On Set/Reset 

SEDO, Instruction 

REDD ; 

tnstruction Dn (LSI pin) 

TO 


Instruc- 
tion 





a On Test 
Instruction 
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Ea eed 





Semel ing 
Clo 


Figure 17 1-bit Discrete I/O Timing 


(a) Configuration of Output Pin 


Applied Pins; R,, to R,, 


No Pull up MOS 
(Open Drain) 


ei 


(b} Configuration of 1/O Pin 


NMOS 


Applied pins; D, to D,,, Roo to Ry;, PR, toR,,;, 


Ryo 10 Ry3, Ryo tO Ras, Ryo to Ryy, Reo to Ry 
No Pull up MOS 
(Open Drain) 


ae -Yoc., 
1/0 Enable —x 








Input circuit 


41/0 Enable 





With Pull up MOS (PMOS) 


nput circuit 


1/0 Enable 


CMOS 


1/0 Enable PMOS 


NMOS 


Input circuit 





* When “Disable”’ is specified for the 1/O State at the Halt State, 
the 1/O Enable signal shown in the figure turns off the input circuit, 
Pull up MOS and NMOS output and sets CMOS output to high 


inpedance (PMOS, NMOS; OFF). 


Figure 18 |/O Configuration 


= TIMER/COUNTER 

The timer/counter consists of the 4-bit counter and the 6-bit 
prescaler as shown in Figure 19. The 4-bit counter may be 
loaded under program control and is incremented toward 15 by 
the prescaler overflow output pulse or the input pulse of INT, 
pin (its leading edge is counted). The clock input to the counter 
is selected by the CF F/F. When the CF F/F is ‘0’, the clock 
input is the prescaler overflow output pulse (Timer Mode). 
When the CF F/F is “1”, the clock input is the input pulse of 
INT, pin (Counter Mode). When the counter reaches zero 
(returns from 15 to zero), the overflow output pulse is gener- 
ated and the counter continues to count (14 > 157071732 


we). 
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The TF F/F is a flip-flop which masks interrupts from the 
timer/counter. It can be set and reset by interrupt instruction. 
If the overflow output pulse of the counter is generated when 
the TF F/F is reset (“0”), an interrupt request occurs and the 
TF F/F becomes “1”. If the overflow output pulse is generated 
when the TF F/F is set (“‘1’’), no interrupt request occurs. The 
TTF instruction enables the TF F/F to be tested. 

The prescaler is a 6-bit frequency divider. It divides a system 
clock (instruction frequency) by 64 into the overflow output 
pulses of “instruction frequency + 64”. 

The prescaler is cleared when data is loaded into the counter 
(by LTA or LTI instruction). The frequency division is 0 when 
the prescaler is cleared. At the 64th clock, an overflow output 
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pulse is generated from the prescaler. During operation of the 
LSI, the prescaler is operating and cannot be stopped. (In the 
Halt state, it stops.) The relation between the specified value of 
the counter and specified time in the Timer Mode is shown in 
Table 5. 

The pulse width of the INT, pin in the Counter Mode must 
be at least 2-cycle time for both “High” and “Low” levels as 
shown in Figure 19. 
® INTERRUPT 

The HMCS47C can be interrupted in two different ways: 
through the external interrupt input pins (INT, INT, ) and the 
timer/counter interrupt request. When any interrupt occurs, 
processing is suspended, the Status F/F is unchanged, the 
present program counter is pushed onto the stack ST1 and the 
contents of the stacks ST1, ST2 and ST3 are pushed onto the 
stacks ST2, ST3 and ST4 respectively. At that time, the Inter- 
rupt Enable F/F (I/E) is set and the address jumps to a fixed 
destination (Interrupt Address), and then the interrupt routine 
is executed. Stacking the registers other than the program count- 
er must be performed by the program. The interrupt routine 


Data bus 








Counter Overflow 
Output Pulse 


(LTA, LTI) 





must end with RTNI (Return Interrupt) instruction which sets 
the I/E F/F simultaneously with RTN instruction. 


The Interrupt Address: 
Input Interrupt Address ........ Bank 0 1 Page 3F Address 
(1 Page 3F Address) 
Timer/Counter Interrupt Address ........ Bank 0 0 Page 
3F Address 
(0 Page 3F Address) 


The input interrupt has priority over the timer/counter inter- 
rupt. 

The INT, and INT, pin have an interrupt request function. 
Each terminal consists of a circuit which generates leading pulse 
and the Interrupt mask F/F (IFO, 1IF1). An interrupt is 
enabled (unmasked) when the IFO F/F or IF1 F/F is reset. 
When the INT) or INT, pin changes from “0” to “1” (from 
“Low” level to “High”? level), a leading pulse is generated to 
produce an interrupt request. At the same time, the IFO F/F or 
IF1 F/F is set. When the IFO F/F or IF1 F/F is set, the inter- 
rupt masking for the pin will result. (If a leading pulse is gener- 
ated, no interrupt request occurs.) 


Prescaler 
Overflow Output 
Pulse 


Clear (LTA, LTI) 





System 
Rocuar. eal 
‘ Instruction 
Hat (eee ) 
(Refer to Figure 21) INT, Leading Pulse 
(Refer to Figure 21) 
To the status F/F 
tfINT 
tint 2 2+Tinst 
(Tinst = One Instruction Cycle Time) 
Figure 19 Timer/Counter Block Diagram 
Table 5 Timer Range 
Specified Number of ee Specified Number of ar: 
ae Tie (ms 
0 | toae | 2 CT 
| o0 | eo +i 9 SidYCtaBSC*dSCSCi 
2 (ee 
3 <> es +: 1.60 
4 768 ES 
5 | -” 
6 a © >: 0.64 
7 | sme tCiLC“( (eS ps (set ss 


* Time is based on instruction frequency 200kHz. (One Instruction Cycle Time (Tinst) = Sus) 
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An interrupt request generated by the leading pulse is latched 
into the input interrupt request F/F (I/RI) on the input side. If 
the Interrupt Enable F/F (1/E) is “1” (Interrupt Enable State), 
an interrupt occurs immediately and the I/RI F/F and the I/E 
F/F are reset. If the I/E F/F is “0” (Interrupt Disable State), the 
I/RI F/F is held at ‘‘1”’ until the HMCS47C gets into the Inter- 
rupt Enable State. 

The IFO F/F, the IF! F/F, the INT pin and the INT, pin 
can be tested by interrupt instruction. Therefore, the INTy and 
the INT, can be used as additional input pins with latches. 

The INT, pin and INT, pin can be provided with Pull up 
MOS using a mask option as shown in Figure 20. 


No Pull up MOS 
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An interrupt request from the timer/counter is latched into 
the timer interrupt request F/F (I/RT). The succeeding opera- 
tions are same as an interrupt from the input. Only the excep- 
tion is that, since an interrupt from the input precedes a timer/ 
counter interrupt, the input interrupt occurs if both the I/RI 
F/F and the I/RT F/F are ‘‘1” (when the input interrupt and 
the timer/counter interrupts are generated simultaneously). 
During this processing, the I/RT F/F remains “1”. The timer/ 
counter interrupt can be implemented after the input interrupt 
processing is achieved. 

The interrupt circuit block diagram is shown in Figure 21. 


With Pull up MOS (PMOS) 
















ex Nec Vec /0 poe Oe. 
Se a ee ee “7” 
1/0 Enable —=1 { ; 
' PMOS Vie) : ! 
: Enable— PMOS 
t ' ’ 
! ! ! ! 
1 ! 
t] 1 1 
NMOS ' NMOS 
\ \ H ; 
1 7 : 
Us eos oes j Input circuit meats ; Input circuit 
* When “Disable” is specified for the 1/O State at the Halt State, the 
(/O Enable signal shown in the figure turns off the input circuit and 
Pull up MOS. 
Figure 20 Configuration of INTo and INT, 
TIFO 
Tlo To Status F/F 
To Status F/F ic 
0 Leading Pulse WE 
INT, lo & Rasen e 
) ») ys {1} > SEIE 
! co-ed 4) 
= 1 SEIFO REIE 
iy) | ! REIFO 
! 
' ' 
4 es ose ts BH To Timer/Counter (Refer to Figure 19) VRI 
To 
Tl 
‘1 =status F/F TIFI—T To Status F/F > D | a ni 
Leading Pulse 
INT, C) i> O 1) > Z | ap eee are ace a 
agi \ -D 1 ) ) 
Pa Hof 3 
Do) ) So | ' SEIF1 )O ad) pa INT 
! : REIF1 Interrupt WRI 
\ Request > | 
! from Timer/ | ~o \ J 
$2 Sone ey s Counter : D (interrupt 
(Refer to Figure 19) Mask Signal) 
U/RT 
IFO, 1F1 : Set has priority over Reset. 





D F/F (Delayed by One Instruction Cycle) 


Figure 21 Interrupt Circuit Block Diagram 
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@ RESET FUNCTION 
The reset is performed by setting the RESET pin to “1” 
(“‘High”’ level) and the HMCS47C gets into operation by setting 
it to “0” (“Low” level); Refer to Figure 22. Moreover, the 
HMCS47C has the power-on reset function (ACL; Built-in Reset 
Circuit). The Built-in Reset Circuit restricts the rise condition of 
the power supply; Refer to Figure 23. When the Built-in Reset 
Circuit is used, RESET should be connected to GND. 
HMCS47CL doesn’t have the power-on reset function. 
Internal state of the HMCS47C are specified as follows by 
the reset function. 
* Program Counter (PC). is set to Bank 1 31 Page 3F 
Address (63 Page 3F Address). 
* Data I/O Register Ryo is set to “1”? (Jumps to Bank 0 by 
execution of LPU instruction after the reset). 
> I/RI, I/RT, I/E and CF are reset to “0” 
+ IFO, IF1,and TF are set to “1” 
- Data I/O Registers (RO to R6) and Discrete I/O Latches 
(Dp to Dj.) are all set to “1” 
Note that all the other logic blocks (the Stack Reg- 
isters, the Status F/F, the accumulator, the Carry F/F, 
the registers, the Timer/Counter, RAM) are not cleared 
by the reset function. The user should initialize these 
blocks by software. Because the Status F/F after the 
reset is not defined, set the Status F/F to “0” or “‘1” 
before the first execution of the conditional instruc- 
tions (LPU, CAL and BR instructions). 


(Reset State) 





@ HALT FUNCTION 

When the HLT pin is set to ‘0’ (““Low” level), the internal 
clock stops and all the internal statuses (RAM, the Registers, the 
Carry F/F, the Status F/F, the Program Counter, and all the 
internal statuses) are held. Becuase all internal logic operation 
stop, power consumption is reduced. There are two input/ 
output statuses in the Halt State. The user should specify either 
“Enable” or ‘‘Disable” using a mask option at the time of order- 
ing ROM. 


“Enable” Output ....... The status before the 
Halt State is held. 
Pull up MOS ...ON 


Input ........ Independent of the Halt 
State or Operating State 
(Input Circuit is ON) 
Since Pull up MOS is ON, Pull up MOS 
current flows with output “0” (““Low” 
level) in the Halt State (NMOS; ON). 
When an input signal changes, transi- 
tion current flows into an input 
circuit. Also, current flows into Pull 


(Reset State) 





trsT1 includes the time required from the power ON until the 


operation gets into the constant state. 


** trsT2 is applied when the operation is in the constant state. 


Figure 22 RESET Timing 


HLT = Vec 
RESET = GND 


Vec 






torr 


* toFff specifies the period when the power supply is OFF in the 
case that a short break of the power supply occurs and the power 


supply ON/OFF is repeated. 


Figure 23 Power Supply Timing for Built-in Reset Circuit 
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up MOS. These currents are added to CAUTION 
the Stand-by Supply Current (or Halt If, during the Halt State, the extemal reset input is applied 
Current). (RESET = “1” (“High”’ level)), the internal status is not held. 
“Disable” Output ....... NMOS Output: OFF 
CMOS Output: ® OSCILLATOR 
High Impedance The HMCS47C contains its own oscillator and frequency 
(NMOS, PMOS: divider (CPG). The user can obtain the desired timing for opera- 
OFF) tion of the LSI by merely connecting an resistor Rr or ceramic 
Pull up MOS ...OFF filter circuit (Internal Clock Operation). Also an external oscil- 
Input ......... Input Circuit: OFF lator can supply a clock (External Clock Operation). 
Both input and output are at high The OSC, clock frequency is internally divided by four to 
impedance state. Since an input circuit produce the internal system clocks. 
is OFF, any current other than the Stand- The user may exchange the external parts for the same LSI 
by Supply Current (or Halt Current) does to select either of these two operational modes as shown in 
_____ not flow even if an input signal changes. Figure 25. There is no need of specifying it by using the mask 
When the HLT pin is set to “1” (“High” level), the HMCS47C — Option. 
gets into operation from the status just before the Halt State. The typical value of clock oscillation frequency (fos) varies 
The halt timing is shown in Figure 24. with a oscillation resistor R¢ as shown in Figure 26. 





Figure 24 Halt Timing 


(a) Internal Clock Operation Using Resistor R;+ 


Osc, 
Wiring of OSC, and OSC, terminals should 
Ry be as short as possible because the oscillation 
frequency is modified by capacitance of 


osc, these terminals. 


(b) Internal Clock Operation Using Ceramic Filter Circuit (This is not applied to HMCS47CL.) 
C, 





Ceramic Filter; CSB800A (MURATA) 


Ceramic R, ; 1MQ+ 10% 
Filter C, ; 100pF + 10% (Ceramic Capacitor) 
C, ; 100pF + 10% (Ceramic Capacitor) 
Cc, 
GND 


The ceramic filter oscillation does not apply when using “Halt” and not 
resetting at the time of ‘Halt’ cancellation. 

This circuit is the example of the typical use. As the oscillation charac- 
teristics is not guaranteed, please consider and examine the circuit 
constants carefully on your application. 


Figure 25 Clock Operation Mode (to be continued) 
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(c) External Clock Operation 








Th Ty 
Vin 
2.5V 
Vie 
Oscillator 
cp Yep 
D Th 100% 
uty Th+T, x 


Figure 25 Clock Operation Mode 


Vec = 5V 
Ta=+25°C 


fosc (kHz) 





Rg (kQ) 


Figure 26 Typical Value of Oscillation Frequency vs. R¢ 
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@® INSTRUCTION LIST 
The instructions of the HMCS47C are listed according to 
their functions, as shown in Table 6 . 


Table 6 Instruction List 


Register - Register 
Instruction 


RAM Address Register 
Instruction 


SPXY) 

SPXY) 

SPXY) 

SPXY) 
(X «= SPX) 
(X « SPX) 


LAM (XY) 
LBM (XY) 
RAM - Register XMA (XY) 
Instruction XMB (XY) 
LMAIY (X) 
LMADY (X) 


MILY i 
immediate Transfer cAI 
Instruction LBI i 


° 
o 
° 
> 
> 
oe 
° 
> 
> 
> 


Dpsi\Sempunp 


V4 
< 
2 
1 
< 


M+A+C (F/F) > A 

M-A-C (F/F) > A 

MtA> A 

Decimal Adjustment (Addition) 
Avihmete latnietion mae ee (Subtraction) 

B > 8B 

“ye > Cc (F/F) 

"90" > C (F/F) 

Test C (F/F) C (F/F) 

Rotation Left 

Rotation Right 

AUB > A 





(to be continued) 
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[NOTE] 1. 





WIAA fo 


a | Lid —_> 
ug" > 
Test 


Branch on Status 1 
Subroutine Jump on Status 1 
Hane ad Load Program Counter Upper on Status 1 
' Table Branch 
Return from Subroutine 


VE 
“q" > FO 
“ye FA 
st | ita TF 
“4 cia CF 
“oO” VE 
“0” IFO 
“0” IF1 
Interrupt Instruction “oO” TF 
"0" CF 
Test INT, 
Test INT, 
Test 1FO 
Test tF1 
Test TF 
i >  Timer/Counter 
A > Timer/Counter 
Timer/Counter > A 
Return Interrupt 


onaee as D (Y) 
“9” > Dd {Y) 
Test | D (Y) 
ange. > D (n) 
Input/Output “Oo” > D (n) 
Instruction Rip) > A 
Rip) > 8 
A > R (p) 
B > R (p) 
Pattern Generation 


a 


(XY) after a mnemonic code has four meanings as follows. 


qe 


4 


Veber de 


Mnemonic only Instruction execution only 
Mnemonic with X After instruction execution, X < SPX 
Mnemonic with Y After instruction execution, Y ~ SPY 
Mnemonic with XY After instruction execution, X « SPX, Y ~ SPY 
{Example} LAM MoA 
LAMX M-— A, X @ SPX 
LAMY M— A, Y @ SPY 
LAMXY M — A, X «+ SPX, Y # SPY 
. Status column shows the factor which brings the Status F/F ‘1’ under judgement instruction or instruction accompanying the judgement. 
NZ .... ALU Not Zero 
Co scaticls ALU Overflow in Addition, that is, Carry 
NB .... ALU Overflow in Subtraction, that is, No Borrow 
Except above ....... Contents of the status column affects the Status F/F directly. 


. The Carry F/F (C(F/F)) is not always affected by executing the instruction which affects the Status F/F. 


Instructions which affect the Carry F/F are eight as follows. 


AMC SEC 
SMC REC 
DAA ROTL 
DAS ROTR 


All instructions except the pattern instruction (P) are executed in 1-cycle. The pattern instruction (P) is executed in 2-cycle. 
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Date _ 
Customer’s Name 


HMCS47C Mask Option List 





ROM CODE !D 
Hitachi P/N 






(1) 1/0 Option 





































































| 
dada 
1 a eee ae 7 eee (ao ee ceed eed 
SR aN Fc A ERR ee Ne (7a el ee ee 
CSR = 0) Sa FR Re LES (ep me Fe a es es 
fee | OT ce Ne nee oe Mea 
a ae: a AR a SN Game PRT; <a re a 
Ea meet ee ae eS eee He) eee Ce a ee ee eee 
a ae Bo ae en a ea 
a Aa aS (aa 77 Ye 
a a ae a WO DS ap 
——— 
aes ea es Bh) 
ee —— 
[| Re | VO _| 
pee res ae ON eel ee _ 3 
(a 5777 ee 
= 
| Re =| VO | 
Seas eave ST A eee 
Ae ees 0) (re 
SS 
| Rs | Vo | 
Re | 8 en fp 
7 ee a a Bes 
eee 
eee =e en 





* Specify the 1/O composition with a mark of ““O” in the applicable composition column. 
A: Nopullup MOS B: With pull up MOS = C: CMOS Output 


(2) Oscillator & Halt 
Used (Reset is applied when Halt release) | Used (Reset is not applied when Halt release) 
ee —— as 


External Clock aera) 


* Please check one section on the above chart. 
(3) 1/O State at “Halt’’ mode (5) Package 


1/O State 
ae (7 ees 
o_DP-648 


* Mark './" in “O” for the selected 1/O state. * Mark “V/’ in “O"’ for the selected package. 
















(4) Supply Voltage (Vcc) (6) Evchip used for Program Evaluation 


Supply Voltage (Vcc) | Chip Sid 
o §+0.5V Q HD44855E 
Oo 2,5V to 5.5V GO HD44857E 


or le Lt an) ow 
* Mark “4/"" in for the selected supply voltage. * Mark “/” in “OQ” for the evchip used for program evaluation, 
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4-BIT SINGLE-CHIP 
MICROCOMPUTER 


HMCS40 SERIES 
LIQUID CRYSTAL 
DISPLAY DRIVING TYPE 
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LCD—II(HD44790,HD44795)—— 


The LCD-III is the CMOS 4-bit single chip microcomputer 
which contains ROM, RAM, I/O, Timer/Event Counter and 
Control Circuit, Direct Drive Circuit for LCD on single chip. 
The LCD-III is designed to drive LCD directly and perform 
efficient controller function as well as arithmetic function for 
both binary and BCD data. With the on-chip crystal oscillator 
for timer, the clock function is easily realized. The CMOS 
technology of the LCD-III provides the flexibility of microcom- 
puters for battery powered and battery back-up applications in 
combination with low power consuming LCD. 


LCD-Itt 


@ FEATURES 
@ 4-bit Architecture 
@ 2,048 Words of Program ROM (10 bits/Word) 
128 Words of Pattern ROM (10 bits/Word) 
@ 160 Digits of Data RAM and Display Data RAM (4 bits/ 
Digit) 
@ Control Circuit and Direct Drive Circuit for LCD 
4 Commons (Duty Radio; Static, 1/2, 1/3, 1/4) 
32 Segments (Externally expandable up to 96 Segments 
using external Drivers HD44100s) 
@ 32 I/O Lines and 2 External Interrupt Lines 
@ Timer/Event Counter @ PIN ARRANGEMENT 
@ All Instructions except One Instruction; Single Word and 
Single Cycle 
@ BCD Arithmetic Instructions 
@ Pattern Generation Instruction 
— Table Look Up Capability — 
@ Powerful Interrupt Function 
3 Interrupt Sources 
2 External Interrupt Lines 
 Timer/Event Counter 
Multiple Interrupt Capability 
@ Bit Manipulation Instructions for Both RAM and I/O 
Qption of 1/0 Configuration Selectable on Each Pin; Pull 
Up MOS or CMOS or Open Drain . 
Built-in Oscillator for System Clock (Resistor or Ceramic 
Filter) 
Built-in Crystal Oscillator for Timer 
Built-in Power-on Reset Circuit 
Low Operating Power Dissipation; 2mW typ. 
Stand-by Mode (Halt Mode); 50uW max. 
2 Versions; HD44790 Vcc = 5V + 10%, 10s Instruction 
Cycle Time 
HD44795 Vcc = 2.7V to 5.5V, 20 us Instruc- 
tion Cycle Time (Top View) 


(FP-80) 
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= BLOCK DIAGRAM 









ROM 
2,048 x 10 bit 
(program memory) 
128 x 10 bit 
(Pattern memory) 












Instruction 
Decoder 








Stack Register 










Data RAM 
arm PAM ( Disely Data ) Voc 
RAM ———O GND 


——° HLT 
——o TEST 





160 x 4 bit 






Shift Register (32 bit) 





a i 
LCD Latch (32 bit) I 
LCD Driver ' Power 
CPG ACL ( Supply 
(32 SEG) 1_(4 COM) Control 
0 QO O O © OO -_—__—— O 0 0 0 Q O O 6 
PS eo. ae cssze sos 
-~— = ” o0oO°0 
66 #£ 8 48838 
cra | 
‘ 1/0 Common 
Cosel 
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™ HD44790 ELECTRICAL CHARACTERISTICS (Voc = 5V+10%) 


@ ABSOLUTE MAXIMUM RATINGS 
item 
0.3 to +7.0 


Supply Voltage 

Terminal Voltage (1) -0.3 to Voc +0.3 
0.3 to +10.0 

Maximum Total Output Current (1) 


Maximum Total Output Current (2) | 45 
Operating Temperature a -20 to +75 
Storage Temperature -55 to +125 


(NOTE) 1. Stresses above those listed under “ABSOLUTE MAXIMUM RATINGS” may cause permanent damage to the device. Normal opera- 
tion should be limited to those conditions specified under “ELECTRICAL CHARACTERISTICS -1” and ”’-2”. The use beyond these 
conditions may cause LSI's malfunction and at the same time affects device reliability. 

2. All voltages are with respect to GND. 
. Maximum Total Output Current is the total sum of output currents which can flow out or in simultaneously. 
. Power supply condition Vcc 2 V1 2 V2 2 V3 2GND should be maintained. 


Note 


Applied to ali terminals except 
those specified in V+p. 


Applied to open-drain output pins 
and open-drain |/O common pins. 


(Note 3) 
(Note 3) 


Terminal Voltage (2) 


aw 
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@ ELECTRICAL CHARACTERISTICS — 1 (Voc =5V+110%, Ta= -20 to +76°C) 





Vatue 
mime | tome Fa em 
typ._| max. | 
input “Low” Voltage Ve he as 
Input “High” Voltage (1) PV | ce“. | - [Vee | Vv | 
input “High” Vottage @) | Ve [| _————SS—~d cet | 10 (| v0) 
Output “Low” Voltage 7 A 
Output igh” Vonage | Vows [low=tOma ea | va 
Output “High” Vokage (2 | Vowz |-lon=O01mA ‘(| Vec03] - | - | Vv] @ 
Driver Voltage Descending (COM) | Vg, | WW=008ma «|= ~ ~‘| - [oa] v_| ia 
Driver Voltage Desconding (SEG) | Ve, | W=00Ima_—*| = | = | 4 | v_| 1 
Dividing Resistor of LCD Power 
Supply 
interrupt Input Fall Time eee 
Interupt Input Rise Time OC ae a I = PL 
010 Vee ee ee 
ease ce 
Pullup MOS Gurren SS a 
Vin = Vec. Vec=5V, 
Supply Current (1) Ceramic Filter Oscillation (5) 
= = 400 alate 
Vec, V 
z "Oscillation 
Supply Current (2) (fosc = 400 kHz) (5), (12) 
External Clock Operation 
(fop = 400 si 
cr-vov [Ya=o@ Vee [= {=e | ok fe 
Sane re Remo Serene fs | EIN Din=010 10 [= [=f aa f.,00 
Standby Supply Gurvent (0 Sl I am 
Standby Supply Current (2) ae =Voec, HLT = 0. 2V ee | es Oe (7) 


n= 1 (static) 

n=2 (1/2 Duty) 1 

n=3 (1/3 Duty) 256 x 1X Tint 
n=4 (1/4 Duty) 


External Clock Operation; System | Clock — 


External Clock Frequency 
External Clock Duty 


Frame Frequency of LCD Drive 





~” Clock Oscillation Frequency 


Clock Oscillation Frequency 
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Item 


Halt Duration Voltage 
Halt Current 


Halt Delay Time 
Operation Recovery Time 
HLT Fall Time 

HLT Rise Time 

HLT “Low” Hold Time 


HLT “High” Hold Time 


Power Supply Rise Time 
Power Supply OFF Time 





@ ELECTRICAL CHARACTERISTICS — 2 (Ta = -20 to +75°C) 


Value 


Vou HLT =0.2V 


Vin = Vee, HLT = 0.2V, 
Von =2.3V 





trHLT 


fad 


rHLT 


R¢ Oscillation, External 
Clock Operation 


Ceramic Filter Oscillation 
Built-in Reset, HLT = Voc 
Built-in Reset, HLT = Vec 


=) 


LCD-III 


Note 


(14) 


RESET Pulse Width (1) 


(Prescaler Clock = System 2°Tinst 
: Clock) 
RESET Pulse Width (2 t 
gaia External Reset, Voc = 4.5 
to 5.5V, HLT = Veco, 32 x 10°/ 
(Prescaler Clock = Crystal Fosse 


RESET Rise Time 


RESET Fall Time 


(NOTE) 


6. 





External Reset, Vcc = 4.5 
to 5.5V, HLT = Vec 

(R¢ Oscillation, External 
Clock Operation) 


External Reset, Vcc = 4.5 
to 5.5V, HLT = Vec 
(Ceramic Filter Oscillation) 


External Reset, Voc = 4.5 
to 5.5V, HLT = Vcc, 











trst1 


Clock) 


External Reset, HLT = Vcc, 
Vcc = 4.5 to 5.5V 


External Reset, HLT = Vcc, 
Vec = 4.5 to 5.5V 


trrst 


terst 


ad 
= 
r 
+4 


. Applied to PMOS load of CMOS output pins and CMOS I/O common pins among D and R terminals. 
. Applied to CMOS output pins, CMOS 1/0 common pins, input pins with pull up MOS, and 1/0 common pins with pull up MOS 


among D and R terminals. 


. Applied to open-drain output pins and open-drain 1/O common pins among D and R terminals. 
. Pull up MOS current is excluded. 
. Applied to the supply current when the LCD-II! is in the reset state and the crystal oscillation for timer doesn’t operate. 





(Current that flows in the input/output circuit and in the power supply circuit for LCD is excluded). 
Test Condition: RESET, HLT TEST = Voc (Reset State) 
INTo, INT:, Roo to R33, Dy to Dis = Vcc 
D,,/X0O, D,,/XI D,,/XO, D,,/X1 = Voc (Crystal oscillation for timer is not selected). 


Vi. Va, Vs = Veco D,,/XO = Open, D,,/X! = Vec (Crystal oscillation for timer is selected). 


COM, to COM,, SEG, to SEG32 = Open 
When the crystal oscillation for timer operates, the standby supply current (2) !ccg2 flows in addition to Iec1 oF Iec2- 
When the LCD-I11 is installed in the user’s system, and in operation current increases according to the external circuitry and devices. 
Those are connected to the LCD-III. User should design the power supply in consideration of this point (The difference between 
the measured current in the above reset state and that measured in the operational state in the user’s system is the increased part of 
the supply current). 
Standby 1/O leakage current is the leakage current of 1/O pins in the ‘‘Halt” and “'Disable’’ state. 
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7. Current that flows in the input/output circuit and in the power supply circuit for LCD is excluded. The standby supply current (2) 


is the supply current at Voc = 5V+10% in “Halt” state in the case that the crystal oscillation for timer is selected (only the crystal 
oscillator for timer, 5-bit divider and 6-bit prescaler are in operation). 


Ta = -20 to +75°C 


locs2 (uA) 





. Power supply condition Voc 2 Vi 2 Va 2 Vs 2 GND should be maintained. 

9. Applied to the following terminals. 
(1) Input pins, 1/O common pins with pull up MOS, and CMOS 1/0 common pins among D and R terminals. 
(2) RESET, ALT, OSC;, INT. and INT; 


Applied to open-drain !/O common pins among D and R terminals. 


Current that flows in the input/output circuit and in the power supply circuit for LCD is excluded. The standby supply current 


is the supply current at Voc = 5V+10% in “Halt” state in the case that the crystal oscillation for timer is selected. The supply current 
P when supply voltage falls to the Halt Duration Voltage is called ‘Halt Current’ (Ip44). 


. The supply current changes as follows according to operating frequency. 


10. 
11, 


max. Vcc = 5.5V 


Vec = 5V 


loc2 (mA) 





fosc OF fep (kHz) 


13. The voltage that drops between the power supply terminals (Vcc, Vi, V2, Vs) and each common or segment output terminal. 
14. The supply current at Voc = 


H = 2.3V in “Halt” state, in the case that the crystal oscillation for timer is not selected. 
Current that flows in the input/output circuit and in the power supply circuit for LCD is excluded. 
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15. Interrupt inputs must be retained for two or more instruction cycle times at both “High” and “‘Low”’ levels. 


INTo INT; 





® HD44795 ELECTRICAL CHARACTERISTICS (Veg = 2.7 to 5.5V) 
® ABSOLUTE MAXIMUM RATINGS 


Supply Voltage 


Terminal Voltage (1) 


Terminal Voltage (2) 


Maximum Total Output Current (1) 
Maximum Total Output Current (2) 


Operating Temperature 7 -20 to +75 


Storage Temperature 


(NOTE) 


1. 


awn 


Note 


-0.3 to +7.0 


0.3 to Vec+0.3 
0.3 to +10.0 


Applied to all terminals except 
those specified in V-+2. 


Applied to open-drain output pins 
and open-drain I/O common pins. 


(Note 3) 
(Note 3) 


| > 


-55 to +125 


Stresses above those listed under “ABSOLUTE MAXIMUM RATINGS” may cause permanent damage to the device. Normal opera- 
tion should be limited to those conditions specified under “ELECTRICAL CHARACTERISTICS -1” and ‘’-2'’. The use beyond these 
conditions may cause LSI’s malfunction and at the same time affects device reliability. 


. All voltages are with respect to GND. 


Maximum Total Output Current is the total sum of output currents which can flow out or in simultaneously. 


. Power supply condition Vcc 2 V1 2 V2 2 V3 2 GND should be maintained. 
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@ ELECTRICAL CHARACTERISTICS — 1 (Voc = 2.7 to 5.5V, Tg = -20 to +75°C) 














Value 
input “Low” Voltage a ee a 
input Wah” Voltage TVs [de 88 =| Vee PO 
input “High” Vatage 2) | Vive | SSSSS—~dN eA =O 
Output “Low” Vota fou = 04 mA ee 
Output “High” Voltage “Ton = 0.08 mA Vera = [- |v fm 
Output “High” Vorage (2 “Ton = O01 mA Vee83[ = [= |v] ei 
Driver Voltage Descending (COM) Id = 0.05 mA | - | -— | 04 [| V | (13) 
Driver Voltage Descending (SEG) Id = 0.01 mA | - | - | 04 | Vif (13) 
Supply 
Interrupt Input Hold Time tint 2° Tinst | - | - | ws | (15) 
Interrupt Input Fall Time ty - | - [| 50 [| us | (15) 
Interrupt Input Rise Time | tant | SSCS S| 80 
Output "High Curent | ton | _Von= 10V eee oe mr 
Pa RSS i. LMm=Ote Ves) 
Vin = 0 to 10V ee ee (3), (10) 
Vin = Vee. Vee = 3V 
R¢ Oscillation 
Supply Current lec (fosc = 200 kHz) mA |(5),(12) 
External Clock Operation 
(fep = 200 kHz) 
Sony VOLemapomen [us | HY [Vn=OmVer | — | — | 10 | a [one 
=10v_ [Vin =Oto10V_[_— | | 3 _| #A [61,110 
Vin = Vee: HLT =0.1V 
Standby Supply Current (1) | feces Voc = 2.7 to 3.3V BA (11) 
Vin = Vec. HLT = 0.1V 
Standby Supply Current (2) | tesa | Veo = 2.7 to 3.3V LA (7) 
n= 1 (static) : 
F n= 2 (1/2 Duty) pe 
Frame Frequency of LCD Drive f, n= 3 (1/3 Duty) 128 xn x Tina 
n= 4 (1/4 Duty) 
LGD Display Voltage Vien | VeeVe iY 8 Vee 


POWs ee ee ee 
Sees hee 
ey ena 
Tingt = Fe 
~ Internal Clock Operation (Ry Oscillation); System Le 
200kN+2% 





























Vec =2.7 to 5.5V 
Tinst = Vec =2.7 to 3.3V 
4Mfosc Voc =2.7 to 5.5V 








Clock Oscillation Frequency 
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@ ELECTRICAL CHARACTERISTICS — 2 (Ta =-20 to +75°C) 


Halt Duration Voltage HLT = 0.1V 
Vin = Vcc, HLT = 0.1V, 
Halt Current ton | Von = 2.3V (14) 


Hait Delay Time 
Operation Recovery Time 
HLT Fall Time ter 
HLT Rise Time trot 
L 


HLT “High” Hold Time 


Power Supply Rise Time tree Built-in Reset, HLT = Voc 


Power Supply OFF Time 


RESET Pulse Width (1) tasti External Reset, HLT = Voc 


RESET Pulse Width (2) trast 


RESET Rise Time tase 


RESET Fall Time eel yee T =Vec, 


(NOTE) 


Apo No 





R¢ Oscillation, External 
Clock Operation 


Built-in Reset, HLT = Vec 


External Reset, Vcc = 2.7 
to 5.5V, HLT = Vcc, 
(Prescaler Clock = System 
Clock) 


External Reset, Voc = 2.7 
to §.5V, HLT = Vcc, 
(Prescaler Clock = Crystal 
Clock) 


External Reset, HLT = Vcc, 
Vec = 27 to 5.5V 







* Vinst 





nN 
+ 






32 x 10°/ 


fosex 







= 


Applied to PMOS load of CMOS output pins and CMOS I/O common pins among D and R terminals. 


. Applied to CMOS output pins, CMOS 1/0 common pins, input pins with pull up MOS, and I/O common pins with pull up MOS 


among D and R terminals. 
Applied to open-drain output pins and open-drain !/O common pins among D and R terminals. 


. Pull up MOS current is excluded. 


Applied to the supply current when the LCD-IIi is in the reset state and the crystal oscillation for timer doesn't operate 
(Current that flows in the input/output circuit and in the power supply circuit for LCD is excluded). 
Test Condition: RESET, HLT, TEST = Vcc (Reset State) 
INTo, INT; ; Roo to R33, Do to Di3 = Vcc 
D,,/XO, D,,/X!7—-0,4/X0, D,,/X1 = Veg (Crystal oscillation for timer is not selected) 
D,,/XO= Open, D,,/Xl = Voc (Crystal oscillation for timer is selected). 
Vi,Va,V3 = Vo 


COM, to COM,, Sec, to SEGu bad Open 
When the crystal oscillation for timer operates, the standby supply current (2) Iccgz flows in addition to lec. 
When the LCD-11! is installed in the user’s system, and in operation current increases according to the external circuitry and devices. 
Those are connected to the LCD-II!. User should design the power supply in consideration of this point (The difference between 
the measured current in the above reset state and that measured in the operational state in the user’s system is the increased part of 
the supply current). 


. Standby i/O leakage current is the leakage current of I/O pins in the ‘‘Halt’’ and ‘’Disable’’ state. 
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7. Current that flows in the input/output circuit and in the power supply circuit for LCD is excluded. The standby supply current (2) 


is the supply current at Voc = 3V+ 10% in “Halt” state in the case that the crystal oscillation for timer is selected (only the crystal 
oscillator for timer, 5-bit divider and 6-bit prescaler are in operation). 


Ta = ~20 to +78°C 


Ices2 (uA) 





. Power supply condition Voc 2 V: 2 Va 2 Vs 2 GND should be maintained. 
9. Applied to the following terminals. 

(1) Input pins, 1/O common pins with pull up MOS, and CMOS 1/0 common pins among D and R terminals. 
(2) RESET, HLT, OSC,, INT, and INT, 


Applied to open-drain 1/O common pins among D and R terminals. 


Current that flows in the input/output circuit and in the power supply circuit for LCD is excluded. The standby supply current 


is the supply current at Voc = 3Vt 10% in “Halt” state in the case that the crystal oscillation for timer is selected. The supply current 
‘2 when supply voltage falls to the Halt Duration Voltage is called ‘Halt Current” (144). 


. The supply current changes as follows according to operating frequency. 


10. 
11, 


Ta = -20 to +75°C 


lec (mA) 





fosc OF fep (kHz) 
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13. The voltage that drops between the power supply terminals (Vcc, Vi, V2, Vs) and each common or segment output terminal. 

14, The supply current st Vcc = Von = 2.3V in “Halt” state, in the case that the crystal oscillation for timer is not selected. 
Current that flows in the input/output circuit and in the power supply circuit for LCD is excluded. 

15. Interrupt inputs must be retained for two or more instruction cycle time at both “High” and ‘’Low’’ levels. 


INT, INT; 


@ SIGNAL DESCRIPTION 
The input and output signals for the LCD-IH shown in PIN 
ARRANGEMENT are described in the following paragraphs. 


® Vcc and GND 
Power is supplied to the LCD-III using these two pins. 
Vcc is power and GND is the ground connection. 


@ RESET 

This pin allows resetting of the LCD-III at times other 
than the automatic resetting capability (ACL; Built-in Reset 
Circuit) already in the LCD-III. The LCD-III can be reset 
by pulling RESET High. 

Refer to RESET FUNCTION for additional information. 


@ OSC, and OSC, 

These pins provide control input for the on-chip clock 
oscillator circuit. A resistor, a ceramic filter circuit, or an 
external oscillator can be connected to these pins to provide a 
system clock with various degrees of stability/cost tradeoffs. 
Lead length and stray capacitance on these two pins should be 
minimized. 

Refer to OSCILLATOR for recommendations about these 
pins. 


e HLT 

This pin is used to place the LCD-III in the HALT state 
(Stand-by Mode). The LCD-III can be moved into the halt 
state by pulling HLT Low. 

In the halt state the internal clock stops and all the intemal 
status (RAM, Registers, Carry, Status, Program Counter, and 
all the internal statuses) are maintained. Consequently power 
consumption is greatly reduced. By pulling HLT high, the 
LCD-III starts operation from the status just before the halt 
state. 

Refer to HALT FUNCTION for details of halt mode. 


e TEST 
This pin is not for user application and must be connected 
to Vcc. 


@ INTo and INT: 

These pins provide the capability for asynchronously apply- 
ing an external interrupt to the LCD-III. 

Refer to INTERRUPTS for additional information. 





@® Vi, V2 and V3 j 
Power for liquid crystal display are supplied to the LCD-III 
using these pins (Vcc 2 V; 2 V2 2 V3 2 GND). 


® Roo to Ro3 
These four lines are a 4-bit input channel. 
Refer to INPUT/OUTPUT for additional information. 


@ Rio to Ri3, R20 to R23 

These 8 lines are arranged into two 4-bit Input/Output 
common channels. 

4-bit registers (data I/O register) are attached to these chan- 
nels. Each channel is directly addressed by the operand of an 
instruction. 1/O configuration of each pin can be specified 
among Open Drain, With Pull Up MOS, and CMOS using a mask 
option. 

Refer to INPUT/OUTPUT for additional information. 


®@ R30 to R33 

These four lines are a 4-bit output channel. 

4-bit register is attached to this channel. This channel is 
directly addressed by the operand of an instruction. I/O con- 
figuration of each pin can be specified among Open Drain and 
CMOS using a mask option. 

Refer to INPUT/OUTPUT for additional information. 


@ Do to Di3 

These are 14 discrete signals which can be configured as 
Input/Output lines. 

‘Refer to INPUT/OUTPUT for additional information. 


@ D14/XO, Dis /Xt 
D14/XO and Dis/XI require a mask option in the follow- 
ing 3 types. 
e Discrete I/O (common terminal) 
¢ Crystal circuit connecting terminals (with internal halt) 
e Crystal circuit connecting terminals (no internal halt) 
Refer to INPUT/OUTPUT for additional information. 


® COM: to COMs 
These pins are common terminals for liquid crystal display. 
Refer to LIQUID CRYSTAL DISPLAY for additional in- 
formation. 


@ SEG: to SEG32 
These pins are segment terminals for liquid crystal display. 
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Refer to LIQUID CRYSTAL DISPLAY for additional in- can be connected to OSC, and OSC,. However, a ceramic 


formation. filter circuit cannot be used on the HD44795. The oscillator 
frequency is initially divided by four to produce the initial 
= OSCILLATOR system clock. The different connection methods are shown 
A resistor, a ceramic filter circuit or an external oscillator in Figure 1. 
(1) External Clock Th 1 
Viv 






Oscillator 


Open 


4 
{By re 1 
uty thet; x 100% 


(2) Resistor 


Length of the wirings for OSC, and OSC, 
R terminals should be minimized because 
f the oscillation frequency varies depending 
on the capacitance of these terminals. 


osc, 


fose (kHz) 


fosc (kHz) 


typ. (Vec™ 5v) 
typ. (Vcc = 3V) 


Re (kQ) 
Figure 1 Connection Methods for Oscillator (to be continued) 
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(3) Ceramic Filter (This lanet applied to HD44795.) 
1 


Osc Ceramic Filter: CSB400P (MURATA) 
Re : 1MQ+ 10% 
Ceramic Ci : 3305F + 10% (ceramic capacitor) 
Filter ee Ci : 330pF + 10% (ceramic capacitor) 
Ry : 2.2k2+ 10% 
osc, 
oy Ra 
GND The ceramic filter oscillation does not apply when using ‘Halt’ and not 
resetting at the time of “Halt’’ cancellation. 
This circuit is the example of the typical use. As the oscillation character- 
istics is not guaranteed, please consider and examine the circuit constant 
carefully on your application. 
Figure 1 Connection Methods for Oscillator 
= ROM stored in this area. The area is only used to store patterns 
ROM is used as program and pattern (constants) memory. (constants) that are referred in programs by user. 
The instruction used in the LCD-III consists of 10 bits. The program area (instructions can be programmed) consists 


of 2,048 words (64 x 32) of pages 0 through 31. In this area, 
The pattern area is in pages 61 and 62. No program can be either of programs or patterns can be stored. 


Table 1 ROM Capacity 


32 pages 
2 pages 


Total Number 
2,176 words 


(NOTE) 1 page = 64 words 














-+-—— 64 words =| 


1F OF 07 ~___——~3D 3€ 3F 











page 0 





Timer/Counter Interrupt Address (0 page 3F address) 
Input Interrupt Address (1 page 3F address) 





Page 30 
Page 31 


page 61 
page 62 


Figure 2 ROM Address Space 


Reset Address (31 page 3F address) 
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@ PROGRAM COUNTER (PC) 

PC is the counter for addressing the program area of ROM. 
It consists of the page part and the address part as shown in 
Figure 3. 


[Page Part —™7 {O00 Address Part ————_—__ 
PCig PCy PCy PC; PC.{ PCs PCy PCs PC, PCr PCy 


Figure 3 PC Structure 


@ Page Part (5-bit register) 

Once a certain value is loaded into a page part, the content 
is unchanged until other value is loaded by the program. The 
settable value of a page part is any number from 0 through 31. 


@ Address Part (6-bit counter) 


The address part consists of a random sequential counter 
and this counter counts up for each word, that is, one instruc- 


Table 2 Sequence of the PC Address Part 


‘i Hex- : Hex- . Hex- 
ne [a om [ome] Bl 

63 3F 5 05 

62 3E 11 0B 








Page Part 


(PC) 





tion cycle. All instructions except the pattern instruction are 
executed in one instruction cycle. (While the pattern instruc- 
tion is executed in two cycles.) 

The sequence indicated in decimal and hexa-decimal is 
shown in Table 2. This sequence forms a loop and has neither 
the starting nor ending points. It generates no overflow carry. 
Therefore, instructions on a same page are executed step by step 
unless the content of the page part of PC is unchanged. 


= PATTERN GENERATION 

The pattern (constants) can be assigned into ROM for user’s 
reference in program. It can be written both in the program 
area and the pattern area. 

Pattern reference is performed by the instruction of pattern 
(P) in the program. 

ROM Addressing for the pattern reference is performed by 
modifying PC with A, B, C (F/F), and the operand p. The 
modifying scheme is shown in Figure 4. The address part is re- 
placed by the contents of A (Accumulator) and the lower bits 
of B. The page part is logically ORed with the PC, the upper 
2 bits of the operand is for referring to the pattern area. When 
the upper bit is preset to 1, the pattern area is referred, and it 
is preset to 0, the program area is referred. Non-existing ROM 
area can not be referred. 


The value of PC is only modified apparently and is not 
changed. Then the address is counted up after the execution 
of P instruction and the next instruction is executed, The 
execution time of this instruction is 2-cycle time. Moreover, 
an instruction just after this instruction is masked. 


The bit pattern of referred ROM address is generated by two 
ways. 

(i) The pattern is taken into A and B. 

(ii) The pattern is taken into the output ports R2 and R3. 

The difference is determined by the command bits (Oy , Ojo) 
in the pattern. Mode (i) is performed when O, is “1” and mode 
(ii) is performed when Ojo is “1”. Mode (i) and (ii) are simul- 
taneously performed when both Oo and O10 are “1”. The 
correspondence of each bit of the pattern is shown in Figure 5. 

In the program run, the pattern can not be distinguished 
from the instruction. When the program is running at the 
address written as a pattern by user, the instruction corre- 
sponding to the pattern bit is executed. 

Therefore, when the pattern is written in the pattern area, 
the instruction must not be executed. 


Address Part 


PCip PCy PCy PC, PC,| PCs; PC, PCs PC; PC, PG 
peceqeocae- 
f ' 
( Dees fOr ite Pi Po B; B, 6B, Bo] As As Ar Ao 
Bewetbowobouwe 
( catered) FO Re BG PG” ey RE 
ROM address H Pa +p, +o +C +B; +B, a Bo As Aa Ai Ao! 


he ee weekhoesbowobe eda cad eo et ww wb eee bee cbe eek awad 


Figure 4 ROM Addre 


ssing for Pattern Reference 
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a ® RAM (RANDOM ACCESS MEMORY) 
O10 Ops Os OF O¢ Os O% Os O32 Or | Pattern 
RAM is the memory used for data storage and register save 


(data RAM) and storage of segment data for liquid crystal 


puccpecs display (display data RAM). One unit (digit) consists of 
' 1 AandB 4 bits and there is a total of 160 digits (640 bits). 

a (NOTE) Capacity of display data RAM varies by contents 
(Note) A’s significance is inverted. of display, and capacity of data RAM changes 


corresponding to the former. 


peacee 
‘ 
ue Pie Fak, Aas, Bas Rae Rat Rae Maa [San 9 Addressing of RAM is performed by the matrix of the file 


beoeban ee 

(Note) The significance of R2 and R3 is inverted. number and the digit number. There are 10 files and 16 
digits in the matrix. Normally the file No. is set to X and the 
digit No. is set to Y, then the matrix of X and Y addresses 


RAM and performs the Read/Write operation. 


Special digits in RAM can be addressed without the use of 
X and Y. These digits are called as memory register (MR) 
and the number is 16 (MRO to MR15). Memory register can 
be exchanged for A register By XAMR instruction. 
RAM address space is shown in Figure 6. 


Figure 5 Correspondence of Each Bit of the Pattern 





[14] 13]12/11 /10] 9 | 8] 7) 6/5 | 4] 342. 


[1 | 0 | 
[1413 [12/11/10/ 9 [8/7 [6/5 | 4/3] 2] 1 | 0 | <aigitNo. 





* The area market as __Jis 
usable only for data. 


“ The data marked as [J is 
usable for both data and 
display. 


* The file 8 is selected when 
X register has any value in 
8 to 11,and the file 9 is 
selected when 12 to 15. 





Fe So ay 
Ra RARAES RES ERRORS, 


od eg 
> = 
t 
file No. 


Figure 6 RAM Address Space 


In case of the instructions which consist of a simultaneous 
Read/Write operations of RAM (exchange of RAM and a 3 2 1 0 n Bit assignment No. 


register), the writing data doesn’t affect the reading data 
because the read operation is followed by the write opera- leelee era, M 
tion. 


RAM bit manipulation is usable, which performs any bit set, 
reset or test of the addressed RAM. Bit assignment is made The bit test makes the status “1” when the assigned bit is 
by the program as shown below. “1” and makes it “0” when the assigned bit is “0”. 
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® REGISTERS 

The LCD-III has six 4-bit registers and two 1-bit registers 
available to the programmer. 1-bit registers are Carry F/F and 
Status F/F. They are explained in the following paragraphs. 


@ Accumulator (A; A Register) and Carry F/F (C) 

The result of ALU operation (4 bits) and the overflow of 
the ALU are put into the accumulator and Carry F/F. Carry 
F/F can be set, reset or tested. Combination of the accumulator 
and Carry F/F can be right or left rotated. The accumulator is 
the main register for ALU operation and Carry F/F is used to 
store the overflow generated by ALU operation when the 
calculation of two or more digits (4 bits/digit) is performed. 


@ B Register (B) 

The result of ALU operation (4 bits) is put into this register. 
B register is used as a sub-accumulator to stack the data tempo- 
rarily and also used as a counter. 


@ X Register (X} 

The result of ALU operation (4 bits) is put into this register. 
X register has exchangeability for SPX register. X register 
addresses the RAM file. 


@ SPX Register (SPX) 

SPX register has exchangeability for X register. 
SPX register is used to stack X register and expand the addres- 
sing system of RAM in combination with X register. 


@ Y Register (Y) 
The result of ALU operation (4 bits) is put into this register. 





Y register has exchangeability for SPY register. Y register can 
calculate itself simultaneously with transferring the data by bus 
lines, which is usable for the calculation of two or more digits 
(4 bits/digit).. Y register addresses the RAM digit and 1-bit 
discrete input/output common terminals. 


@ SPY Register (SPY) 

SPY register has exchangeability for Y register. SPY register 
is used to stack Y register and expand the addressing system of 
RAM and 1-bit discrete input/output common terminals in 
combination with Y register. 


© Status F/F (S) 

Status F/F latches the result of logical or arithmetic opera- 
tions (Not Zero, Overflow) and bit test operations. Status F/F 
affects conditional instructions (LPU, BR and CAL). These 
instructions are executed only when Status F/F is “1”. If it 
is “O”, these instructions are skipped and Status F/F becomes 


“1” 
. 


@ INPUT/OUTPUT 
@ Discrete 1/O (D Terminal) 

The discrete I/O is composed of 1-bit latch and I/O pin. 
Figure 7 shows the basic block diagram. 


Reset signal by reset function 


Set instruction 


Reset instruction 





Output latch Test 


Figure 7 Discrete 1/O Block Diagram 


Reset Signals by Reset Function 
















Set instruction 
Reset instruction 


Set instruction 
Reset instruction 


O) Do ~ Dis 


Set instruction 
Overflow output —O- 0 
arn} Reset O ou /xi 
(internal halt “9” instruction 
release signal) Test A 
Internal halt @ 
signal © pal 
Halt si 1—< EN 
ane External © 
halt signal age 
5-bit frequency divider 


Clock for 1,024Hz 
prescaler 






Crystal oscillator 
for timer (32.768kHz) 


Figure 8 Mask Option of D,4 and D,, Terminals 
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Do to D3 are discrete I/O’s of common for input and 
output, Di, and D,s require a mask option in 3 types. 
When the crystal oscillation for timer is selected and the 
latches of D,4 and Djs are not connected to the terminals, 
D,, and Ds can be used as 1-bit general purpose registers 
that can be set, reset and tested. Furthermore, if there is 
internal halt mode, latch of D,s is used as a register for 
internal halt mode specially. 


LCD-III 


In such case, since Djs means internal halt state and D,s = 
“1” means operating state, LSI can be in internal halt state by 
resetting Dis using an instruction. The prescaler keeps its 
operation in internal halt state. Therefore, Dis may be set by 
overflow output pulse from the prescaler to return to operat- 
ing state. Refer to HALT FUNCTION for details of internal 
halt mode. 


Table 3 Mask Option of Dy4/XO and D,s5/X! Terminals 





Mask Option 


Selectable crystal 
oscillation for 
timer 







Function of Function of D,,/XO 
Di4/XO and D,./XI and D,./XI latch 


nF 


[+ | smerinoimeranany | so | open 
timer (no internal halt) 
o 
halt 
open 
no internal halt 






discrete 1/O 


(common terminal) Output Latch 



















1-bit register 












Crystal 
Circuit ; - 

j Dia; 1-bit register 
Connecting pie 
Terminal Dis ; register for 







internal halt 


(NOTE) Users can specify this mask option in “The format of 1/O channels” at ROM order. 


Discrete I/O is addressed by Y register, and the set/reset 
instruction is executed for the addressed latch. “0” and “1” 
level can be tested with the addressed terminal and 1-bit register 
against the I/O common pins and 1-dit register. The test is 
performed with the wired logic of the output latch and the pin 


One Instruction Cycle. 










SED, RED SEDD, 
REDD Instruc- 
tion 


TD Instruction [ 


Dp SetReset ee ae 
ineruction 


input. Therefore, in the case of the I/O common pins, the 
output latch should be in the high impedance state when the 
test instruction is executed. In order to test the pin input, it 
is necessary the state that the output latch should not affect 
the pin input. 





Dp Test 
Instruction 





Pulse 


Figure 9 Timing Chart of Discrete 1/O 


®@ Data I/O (R Terminal) 


Table 4 Data 1/O for the LCD-III 





1/0 common channel R1,R2 (2 channels) 


Output channel R3 (1 channel) 


(NOTE) In addition to the above, R4, R5 and R6 are provided as 
register setting liquid crystal display mode. In these registers, 
there is no terminal and exists only data I/O register each, 
which controls liquid crystal display mode. Data is transferred 
to R4, R5 and R6 by LRA or LRB instruction, same as data 
transfer to data 1/O registers of R1, R2 and R3. For details of 
R4, R5 and R6, refer to LIQUID CRYSTAL DISPLAY. 









4-bit register (data I/O register) each is attached to an I/O 
common channel and output channel. No register is attached 
to input channel. Addressing to all channels is performed by 
programs (addressed by operands in instructions). 

Figure 10 shows the block diagram of each channel. 


153 


LCD-III 


Input 
[ chante eat | 
' H 
| 29————O Fins 
1 
To | 2+ Pas 
A,B ‘ 1 RO Channel 
¢ ‘ 2! —41—_—__—_(¢) Ry 
Register 1 1 4 
1 2 
' 
u 


Output 
ROM pattern or date r 


oO; 2? 


R3 channel 





Set all bits to "1°" 
by reset function. 


“ Latch clock 
Oisplay (Cty) 
Dees. Shift clock 

(Ct,) 








Alternating 
signal (M) 












2 OC) Ria 
2? C) Riz 
—_ " Al channe! 
2 (CD An 
2 “() Rie 
r 
Set all bits to ' } 
“+” by reset ' ‘ Input 
function. , 222 2 ! 
Lew ew ewe 
ToAandB — 
Gate for exchanging the output register Res 
signal and the display date signal according a3 
to the content of Ras dota 0 register 
signal 
Ra = "0" 
Display date 
signal 
Output 
pote c cere ees 
ROM pattern or data 4 : 
‘ 
O; 2? : Ras 
' 
Os ? Ras 
. : R2 channel 
y 
Pac 8 Rn 
' 
ao \ ro EE 0 “a 
' 


Set all bits to "1" 
by reset function. 


To A and B register 


Figure 10 Data !/O Block Diagram 


When expansion of segment signal for liquid crystal display 
is designated by a program (Register Ra =“0”), Ri is used as 
a display data output terminal. This prohibits R1 to be used as 
an I/O common channel by users (Refer to Figure 10, R1 
channel). 

If LRA or LRB instruction is executed at the time, data is 
transferred to data I/O register, but the content of data I/O 
register is not output from R1. If LAR or LBR instruction is 
executed, display data is inputted to accumulator (A register) 
or B register. 


Data is transferred from the accumulator (A register) and B 


One Instruction Cycle, 





Rp Output 
instruction 







1Ma 1 pea 
anmA, ONG 


Instruction 


Pp 
Instruction 


LAR, L6R 
Instruction 


CN... NN 


——_—— Genera- (second cycle} ee 
tion Instruction 


= Rp Input Instruction 


register to data I/O registers R1, R2, and R3 through the bus 
line. In addition, ROM bit patterns can be transferred to R2 
and R3 by pattern generation instructions. 


4-bit data can be inputted to the accumulator (A register) 
and B register from RO, R1 and R2 channels by input instruc- 
tions. However, in the case of I/O common channels R2 and 
R3, since data I/O register outputs are connected to terminals, 
inputs are done to wired logic of register output and terminal 
input information. For this reason, to input terminal input 
signal, registers must be set to a state that would not affect 
the terminal input. 
















Rn Sampling Pulse 


Figure 11 Data t/O Timing Chart 
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Pay attention: When executing an input instruction to 
output channel, the microcomputer reads unstabilized value 
causing malfunction of the program. 


1 Instruction Cycle 


Dn Set/Reset 
Instruction 


Rn Sampling Pulse 


LCD-III 


When executing an input instruction (LAR and LBR) from 
the data 1/O, pay attention to time allowance after executing 
an output instruction. At the time, the input sampling pulse 
is generated during the first half of the instruction cycle. 





Pay attention to time allowance in such system as an external circuit 
is operated by Dn to read the result from Rn. 


Applied Pins: INT>) , INT: , Roo to Ros 


No Pull up MOS 





Vec 
acca ta q 
1/0 Enable——, 1 
PMOS 
' t 
' ' 
1 
' NMOS 
' ' 
1 1 
Leow == J 





With Pull up MOS (PMOS) 





Vcc Vcc 


NMOS 
sinput 
; circuit 


Figure 12 Configuration of Input Pins 


Applied Pins: Ra to Rss 


No Pull up MOS 


(Open Drain) 
1/O Enable 


Tes 


CMOS Output 


Vv 


cc 
1/0 Enable 
PMOS 
NMOS 


Figure 13 Configuration of Output Pins 
Applied Pins: De to Dis, D14/XO, Dis/XI, Rio to Ris, Rao to Ras 


No Pull up MOS 


(Open Drain) 


Vcc 
1/0 Pe say 





1/0 Enable 


Figure 14 Configuration of Input/Output Pins 





With Pull up MOS (PMOS) CMOS 


Vcc 





Enable (NOTE) In case that CMOS is chosen, external 


input signal cannot be applied. 
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s TIMER/COUNTER 






set signal) 


Data bus 


Interrupt 
request 


Internal halt release 
signal (D,, output latch 





Discrete t/O 
output latch 






Discrete 1/0 
output latch 














‘ 
Lew ond 


1®o,,/% 


32.768kHz 
Crystal 
circuit 


Sit divider 





Crystal 
oscillator 


ey. 
System Clock 


{instruction frequency) 


Figure 15 Timer/Counter Block Diagram 


Timer/Counter Block Diagram is shown in Figure 15. 5-bit 
divider divides the crystal oscillation (32.768kHz) by 32 and 
generates clocks of 1,024Hz in the crystal oscillation mode. 
It does not stop in the halt state. Prescaler divides the system 
clock (instruction frequency) or 1,024Hz clock by 64 and 
generates overflow output pulse of “Instruction frequency/ 
64Hz” or 16Hz. In the crystal oscillation mode, it does not 
stop during halt state. The input of the 4-bit counter is over- 
flow output pulse of the prescaler or a pulse of INT: terminal. 
Input selection is determined by CF state. Data can be ex- 
changed between the counter and bus by LTI, LTA or LAT 
instruction. TF is a flip-flop which masks the interrupt of 
timer/counter. 

The timer is operable in 2 modes (timer mode and counter 
mode) depending on what to count, and the mode is selected 
by programs. 


@ Timer Mode 
The 4-bit counter counts prescaler overflow output pulses. 
One of the following two can be selected as the prescaler count 
clock by the mask option. 
1. System clock (Instruction frequency) 
2. 1,024Hz clock (Crystal oscillation for timer is selected.) ... 
Clock obtained by dividing the crystal oscillation (32.768kHz) 
for timer by 32. Crystal oscillator is constructed between D 


LSI 

state 

O,s output 
latch (internal 
halt register) 


Prescaler 
overflow output 
pulse (internal 
halt release 
signal) 





terminals of Dy, and D,s: 

Note 1) In this case, the overflow output pulses from the pre- 
scaler are 16Hz. These pulses are counted by the 4- 
bit counter to generate an interrupt from 16Hz to 1Hz. 

Note 2) In this case, the part marked with ZZ in Figure 15 

Timer/Counter does not stop even in halt state. When 
using ‘internal halt mode” among the halt function, 
internal halt state is generated by resetting the register 
for internal halt mode (D latch: Djs) by an instruction 
(D,s = “0”: internal halt state, Dj, = “1”: operating 
state), and all the operation stop. In this case, over- 
flow output pulses from the prescaler work as the 
signals releasing the internal halt state and set the 
D,s output latch. Therefore, if an overflow output 
pulse from the prescaler is generated, internal halt 
state is released, and the LSI starts to operate. 
By utilizing this function, intermittent operation is 
possible, that is, program execution for necessary 
processing (for example, counting for clock function) 
starts after every 62.5 msec (16Hz) and the LSI stops 
after execution of this program by an instruction 
which makes the LSI into internal halt state. This 
reduces the time in which the LSI operates, resulting 
in power consumption in substance. 


internai hait state 


Operating state 


62.5ms 


LYI 15 and RED instructions (These are used to reset Dy, Output latch 
and make the LSI internal hait state.) 


Figure 16 Set/Reset Operation Using Crystal Oscillator for Timer 
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®@ Counter Mode 
Counts pulses of INT, terminal. 
(Note) The width of INT, pulse in the counter mode must 
be at least 2-cycle time for both the “High” and 
“Low” levels. 
Each block of timer/counter and the specified time of timer 
mode are explained in the followings. 


@ INTERRUPT 
There are interrupt caused by the timer/counter or the 


LCD-III 


inputs. Each interrupt cause has the interrupt request F/F and 
the request is latched into this flip-flop when it is generated. If 
an interrupt request can be accepted, the interrupt is generated. 
It is controlled by Interrupt Enable F/F (1/E F/F) whether 
an interrupt can be accepted or not. 
Figure 17 shows the interrupt block diagram and Figure 18 
shows the interrupt timing chart. 





Figure 17 


The status is unchanged. (The interrupt is different from 
general CAL in regard to this matter.) 

Stacking of registers is performed by the program. Returming 
from the interrupt routine is performed in the same way as that 
from normal subroutine. But it is convenient to use RTNI (Re- 
tur Interrupt) which sets the I/E simultaneously with RTN. 

An interrupt is generated irrespectively of the condition of 
stack registers, so enough stack registers are needed. 

TF, IFO, or IF1 is flip-flop where the set has priority over 
the reset. It is not reset when the reset instruction is issued 
simultaneously with OVF of the timer/counter or the leading 
edge of the input, though the interrupt request is generated 
and latched into I/RI or I/RT. 


The interrupt processing caused by. the interrupt generation 
is basically the subroutine jump and the jumping location in 
memory is fixed as: 

Interrupt of the timer/counter 

Interrupt of the inputs 

In addition, 

The saving operation of PC > ST1 > ST2 > ST3 > ST4. 


O page 3F address (00—3F) 
1 page 3F address (01—3F) 


I/E reset 


@ Interrupt of the inputs 
Two pins INT and INT, have the interrupt request func- 
tions. They have the leading pulse generation circuit and the 
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Interrupt Block Diagram 


interrupt mask F/F (IFO, IF1). When IFO or IF] is reset, the 
interrupt request is able to generate interrupt mask release. 
When INT, or INT; changes from “0” to “1” (“Low” level > 
“High” level), the leading pulse is generated and generates the 
interrupt request. Then IFO or IF is set, the interrupt is 
masked. 

The interrupt request generated by the leading pulse is 
latched in the interrupt request F/F on the input side (I/RI). 
If interrupt Enable F/F (1/E) is “1”, the interrupt is generated 
immediately and I/RI is reset. But if Interrupt Enable F/F 
(I/E) is “0”, I/RI is held at “1” level until it gets into the 
Interrupt Enable state. 

IFO, IF1, INTpo and INT; can be tested by the program. 
Therefore, they can also be used as normal input terminals 
or latch terminals of momentary pulse input. 

The interrupt pulse width (at both “High” and “Low” 
levels) should be more than two-cycle. 


@ Interrupt of the Timer/Counter 

The interrupt request of the timer/counter is latched into 
the interrupt request F/F of the timer (I1/RT). Then I/RT 
operates in the same way as I/RI, but the interrupt of the 
input has priority over that of the timer. Therefore, the input 
interrupt is processed when both of I/RI and I/RT are at “1” 
level (interrupt requests are simultaneously generated). During 
the input interrupt, I/RT remains set. Thus, after the input 
interrupt, the timer/counter interrupt can be processed. 
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Figure 18 [nterrupt Timing Chart 


= LIQUID CRYSTAL DISPLAY The LCD-III has 4 common signal terminals and 32 segment 
®@ Liquid Crystal Display Circuit signal terminals, Further, if liquid crystal driver LSI(HD44100H) 
The LCD-III can directly drive the liquid crystal display is connected to the LCD-III, up to 96 segment signal terminals 
panel of static, 1/2 duty factor, 1/3 duty factor and 1/4 duty can be extended externally. Thus, in addition to the internal 
factor. 32 terminals, total 128 segment signal terminals can be driven. 
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Figure 19 Liquid Crystal Display Circuit Block Diagram 


Display is automatically executed by writing segment data 
into RAM for LCD. The RAM reads segment data bit by bit 
sequentially every one instruction cycle upon receiving address 
signal from the display counter and the control circuit. Every 
time common signal is scanned, the RAM reads 128-segment 
data (SEG, to SEGy2s), which is correspond to common signal 
selected at the next time. In the HD44790, scan of common 
signal is executed every 256-instruction cycle. Therefore, the 
data which is correspond to 128-segment is read twice at the 
same time. And in the HD44795, scan of common signal is ex- 
ecuted every 128-instruction cycle. Therefore, 128-segment data 
is read. The serial data read is converted to parallel data by the 
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shift register and latch, converted to LCD drive signal by the 
liquid crystal driver and the outputted from a segment terminal. 
32-segment (SEG, to SEG3.) out of 128-segment serial data 
is used within the LCD-III, and the rest (96-segment) is output- 
ted to the liquid crystal driver LS] HD44100H which is connec- 
ted to the LCD-III and is converted to the LCD drive signal in 
the HD44100H at the time of designation of with liquid crystal 
segment output extension. Cycle of the latch clock is 256- 
instruction cycle in the HD44790 and 128 instruction cycle in 
the HD44795. In the case of dynamic drive, data at the 
common side changes synchronously with the latch clock. These 
display operations are all executed regardless of program. 


LCD-III 


(HD44790) 
——————— 256 Instruction Cycle 


One Instruction Cycle 
Se es ee Se a Se 


Serial Data {SEG ASEGres ASEGuA SEGA SEG: J SEG: YSE Gin SEG ASEGA BEG, J SEGLY SEG, SEGA SEG.n) 
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Figure 20 Liquid Crystal. Display Circuit Time Chart (To be continued) 
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Figure 20 Liquid Crystal Display Circuit Time Chart 
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@ Liquid Crystal Display Mode Setting Registers 
For selection of the liquid crystal display mode, data I/O registers of R4, R5 and R6 are used. 


Table 5 Function of Liquid Crystal Display Mode Setting Registers 

a a 
a 
ee 
pt ft 


















Selection of liquid crystal 
display duty factor (Rao, Ra:) 


To be extended (Outputs display data from Channel R1) 
Not to be extended (Channel R1.becomes an ordinary 4-bit data 1/O.) 


Outputs RAM data for liquid crystal display as segment signals. 


Segment signals become non-selection status (blanking) regardless of 






Designation of with or without 
liquid crystal segment output 
extension (R49) 







Liquid crystal display blanking 
signal (Reo) 


RAM data for liquid crystal display. 


RAM designation for liquid | Rs | Ro | == suction = 
crystal display (Rso, Rs1) Function varies with liquid crystal display duty factor. 


(NOTE) Liquid crystal display mode at resetting 
Since all bits of registers R4, RS and RE are set to 1" by the reset function, display mode after resetting becomes as shown below: 
Liquid crystal display duty factor: 1/4 duty (Rao = 1", Rar = 1") 
pau Crystal segment output extension: Not extended (R42 = “1”’) 





ination of tiquid crystal display blanking: Display blanking (Ree = 1’) 


®@ Relation between Display RAM and Segment Data 


In the LCD-III, 4 types of display duty factor (static, 1/2 
duty, 1/3 duty, and 1/4 duty) can be selected by programs, and 
correspondence between RAM bits and segment data changes 2 Gn 
according to these duty factors. g 




















(NOTE) The SEGss to SEGias are 
extended segments. 


Figure 21 Relation between RAM for LCD & Segment Data (Static) 
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[RAM Address RAM 
a 


COM: 
COM2 
COM; 
COM2 
COM: 
COM2 
COM, 
COM2 
COM, 
COM2 
COM: 
COM2 
COM; 
COM2 
COM: 
COM2 


SEG. (SEG, [SEG. [SECs | 
[5 _|8EGr2 (SEG, [SEGic [SECs 
[0 | SEGos |SEGss | SEG |SEGss |- COM: 
[1 |S€Gse | SEGss |SEGs« [SEGsa |-COMz 
[_ 2 |SEGso |SEGs» [SEGse [SEGsr |-COM: 
[3 |S€Gwo |SEGse [SEGse [SEGs7 |-~COM2 





[4 |S€Gus [SEGas |SEGuz [SEGer | COM: 
[8 |S€Gu [SEGas [SEGu2 [SEGes | COM: 
[6 _|S€Gas [SEGar |SEGus [SEGus |-COM: 
[7 |S€Gas |SEGar |SEGus [SEGus |-COMz 
[8 |S€Gsz |SEGs: |SEGso |SEGes | COM, 
[8 ]S€Gsz |SEGsr |SEGso |SEGes | COM: 
[10 |S€Gse [SEGss |SEGse [SEGes | COM: 
[11 _|S€Gse |SEGss |SEGse |SEGes | COM, 
[12 [S€Geo [SEGse |SEGse [SEGsr | COM, 
[13 [SEG [SECs |SEGse [SEGsr | COM: 
[14 |S€Ge« [SEGes [SEGer [SEGe }-COM: 
[15 |S€Ges |SEGes |SEGer |SEGe |- COM: 
[0] S€Gee |SEGer |5EGee |SEGes |-COM: 
[1 ]S€Ges |SEGer |SEGee |SEGes |-COM: 
[2 _[S€Gr2 [SEGn |SEGr0 [SEGee COM: 
[3_|S€Gra [SEGr1 |SEGr0 [SEGee |-COM: 
[4 |S€Gre [SEG [SEGr« [SEGrs | COM 
[8 |S€Gre [SEG [SEGrs [SEGrs | COM: 
[8 |SEGeo [SEGre [SEGre [SEGr |-COM 

ale | 0 | 2 (2 [S8Ge |SEGr |SEGr |SEGr | com, 
[8 _|S€Ges [SEGes |SEGe2 [SEGe: |-COM: 

[9 |S€Ges [SEGes |SEGe2 [SEGe |-COM: 
E520 | peti See Set aoa oo 
[SEGee |SEGe7 |SEGes [SEGes |-COM: 
[12 |S€Gea [SEG |SEGso [SEGe | COM: 
[13 |S€Gea [SEG |SEGoo [SEGee |- COM: 
[14 |S€Goe | SEGos | SEGoe [SEGra |- COM: 
[15 | SEGos |SEGos |SEGou |SEGes | COM: 
ro: 
a 
=e 
za 
Ea 
a | 
Te _] 
rare 

















[SEG100] SEGue [SEGue [SEGer | COM: 
[SEG100] SEGwe |SEGse [SEGsr |- COM2 
[SEG10«| SEGres] SEGse2] SEGroi| COM: 
[SEG10«| SEGres] SEGrea] SEGros|—COM2 
[SEG100] SEGr07] SEGr08] SEGro5}— COM: 
[SEG1o9] SEGso7] SEGsoe] SEGro5!— COM2 
[SEG 112] SEG119] SEGr10] SEGro9)— COM, 
ial 7 _[SEGrsa] SEG 15] SEGs 0] SEGro8|- COM: 
[8 |SEGs 10] SEGi15] SEGs14| SEGr13} COM, 
[9 [SEG110|SEGi16] SEGr14| SEGr13} COM? 
[10 [SEG 120] SEG119| SEGs19| SEGrs7}-COM: 
[11 | $Gr20| SEGr19| SEG 19] SEGr17}COM2 
[12 [SEGr24] SEGr29| SEGr22] SEGr2s} COM: 
[13 [SEGi2e SEGs20] SEGr22] SEGr21|-COM2 
[14 [SEG 129] SEG 127] SEGs20] SEGr25} COM: 
[15 |SEGr20] SEGr27] SEGr2e] SEGr26|- COM2 
Trap oTott tT 
[Rofo Tt tott 





(NOTE) The SEGss to SEGias are extended segments. 
Figure 22 Relation between RAM for LCD & Segment Data (1/2 Duty, 1/2 Bias) 
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RAM Address 




















[SEGr04 SEG 04 
| ___1 SEG red SEG 108] SEG 105] 
SEG 106) SEG 106| SEG 108] 
of ata sean sea 
[At [| $€6 oe] SEG 100] SEC 
| SEGae | SEGea] SEGae| Hs [ fee sett Se 
[S€Ger| SEG | SEGer 14 [TSG i] SEG SEG 14 
[SEGus | SEG | SEGao [15 [|S 12] SEGrsal SEG 
[SEGue| SEGao| SEGio| 
[SEGeo| 

















|_13 | | SEGe2 | SEGe2 | SEGe2 | 
[14 | | S€Gea | SEGes| SEGss | 





COM3 COM2 COM: COM; COM2 COM, 


(NOTE) The SEGgs to SEGias are extended segments. 
Figure 23 Relation between RAM for Liquid Crystal Display and Segment Data (1/3 Duty, 1/3 Bias Drive) 
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[RAM Address [—Ss—~SaAM id 
pe ome rhs eho | 


|_14 | Sea BEG SEG | BeGa: 
[16 as] Skies | SECs SECs 
|_0 | SEGsa| SEG33/ SEGa3| SEG33| 
|_1__| SEGae | SEG x4 | SEGa4 | SEGa4 
|_ 2 | SEGs5 | SEGss | |SEGos | 
| 3 [SEG100| SEG 100] SEG 100] SEG 100] 
| 4 [SEG101] SEG101| SEG 101] SEG 103] 
| 8 | SEG soa] SEGr0a] SEG 102] SEG 102] 
|_8 | SEG103] SEG soa] SEG 103] SEG toa 
|__7 | SEG 104] SEG 104] SEG 104] SEG 04 
|_8__| SEG 108] SEG 108] SEG 106] SEG 108) 
| 9 | SEG 10¢| SEG 109] SEG 106] SEG 100 
| SEG 107] SEG107] SEG 107] SEG 107] 








COMs COMs COM: COM: 


(NOTE) The SEGs33 to SEGias are extended segments. 


Figure 24 Relation between RAM for Liquid Crystal Display and Segment Data (1/4 Duty, 1/3 Bias Drive) 
165 


LCD-II 









U7. 


4 Digits 






kN 
with Symbols mV 







(Static) 
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(1/2 duty, 1/2 bias) 
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[. * E CI. with symbols 





Vcc 


Vicb 










(1/3 duty, 1/3 bias) 


4 
go 16 Digits LCD 
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VicD 
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Figure 25 LCD Wiring Samples 
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@ Extension of Display Function 


Number of display digits can be increased by externally con- 
necting an LCD driver LSI HD44100H to the LCD-III. 

The HD44100H consists of shift registers and latch and 
liquid crystal drive circuit. When connected with the LCD-III, 
the HD44100H is used as a circuit for segment. In the LCD-II, 
display data for 128 segments is sent to the 32-bit shift register 
from RAM constantly. When Raz is set to “0”, the R1 channel 
outputs the 32nd stage output D of the shift register, shift 
clock CLz, latch clock CL: and AC signal M. Therefore, up to 
96 segment terminals from SEG33 to SEG.128 can be added by 
directly connecting the HD44100H. 


® RESET FUNCTION 
The LCD-III can be reset by setting the reset terminal to “1” 


HLT = Vcc 
RESET = GND 


Vee 


LCD-III 


(High) and its operation starts when the terminal is set to 
“0” (Low). Also an automatic reset function (internal reset 
circuit) that operates when power is turned on is provided. 
However, note that in the case of internal reset circuit the 
rise time of a power supply has a restriction. The LCD-III inter- 
nal state is set as follows by the reset function: 
The program counter is set to Address 3F of Page 31. 
IR/I, IR/T, I/E and CF are reset to “0”. 
IFO, IF1 and TF are preset to “1”. 
All bits of data I/O register, discrete I/O output latches 
(R1, R2, R3 and Do to D,s) are preset to “1”. 
Liquid crystal display .. All bits of display mode setting 
registers (data I/O registers) R4, 
RS and R6 are preset to “1”. 
RAM data is not retained after reset. 





(NOTE) tore specifies the period during the power supply is OFF, when 
or 


t break occurs or power supply ON/OFF is repeated. 


Figure 26 Power Supply Condition Using the Built-in Reset Circuit 


ALT = Vee 


vec 


(Reset State) 





tfRST 


(Reset State} 





(Operating 


State) Vib 





t*RST 


trRST 


(NOTE) 1. trsT, includes the time required from the power ON until 
the operation gets into the constant state. 


2. tRST, is applied when the operation is in the constant state. 


Figure 27 Reset Input Condition Using an External Reset Circuit 


@ HALT FUNCTION 

The LCD-III is provided with half function. The halt function 
reduces power consumption in the halt state by temporarily 
stopping all status including RAM. When halt is released, 
operation restarts from the state immediately before the halt. 


(Caution at the halt time) 


When the LCD-III goes into halt state, segment terminals 
(SEG, to SEG) and common terminals (COM, to 
COMg) become the same potential and display goes out. 
However, in order to reduce power consumption during 


halt, disconnect the voltage applied to liquid crystal 
power supply V3. Since there are dividing resistors among 
V1, V2, and V3, current of up to SOA flows if voltage is 
applied between Vcc and V; in the same way as normal 
operation. 





The user can select one of the following I/O status at the 
time of halt based on the “MASK OPTION LIST” when 
ordering ROM: 

i) All I/O status is kept as the state immediately before 

the halt. 

ii) All I/O status is held in the high impedance state (both 

PMOS and NMOS are off, and pull-up MOS is off). 

There are the following two types of halt: 

1) External Halt (Halt state generated by using HLT terminal) 
All operations stop when the HLT terminal is set to the 
“Q” level (Low). When the HIT terminal is set to the 
“1” level (High), operation restarts from the state im- 
mediately before the halt. 

2) Internal Halt (Halt state generated by programs) 

The user can select availability of internal halt at the time 

of ROM order based on the “MASK OPTION LIST”. 

When internal halt is selected, timer crystal must be at- 
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tached externally. Therefore, the Dis/XO and Dis/XI D,5/XI terminals. When an overflow signal is issued, the 
terminals should not be used as general I/O’s, but as XO Dis latch is set to “1” from “0”, the LCD-IH returns 
and XI terminals for connecting cyrstal oscillator. from halt state, adds 1 to the timer register, and execution 
Resetting of the Dis latch by RED instruction generates restarts from the instruction next to the RED instruc- 
internal halt state. Return from internal halt is effected tion. 

by overflow signals of the prescaler. 16Hz overflow Note that external halt caused by the HLT terminal 
signals are output from the prescaler if a crystal oscil- cannot be released by prescaler overflow signals. 


lator of 32.768kHz is connected to the Di4/XO and 


Becomes halt state after executing RED 
instruction and the halt is maintained 


LYI 15 until a prescaler overflow signal is issued. 
Ly} 0 

TD 

BR o—4 The LCD-!I1 returns from halt state by a 


’ prescaler overflow signal and operation 

' restarts from LY 1 instruction. With this 

: program, unless the Do terminal is set to ‘’0’’, 
; internal halt state occurs repeatedly. 


Figure 28 Program example in the Internal Halt Mode 


t= i ee ee 
Courer S=tX 8 Xe >= XT 





ROM Se gs 
Address z Oh = 
ROM "Xoctep O net Xe Xa 
Halt Stat 
Halt Signal se 

Prescaler 
Overflow seas 
Signal 


Figure 29 Internal Halt Timing Chart 


Vcc 
BLT 


GND 


tHLT 





Figure 30 External Halt Timing Chart 
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= CRYSTAL OSCILLATION CIRCUIT FOR TIMER 

The user can specify by the “MASK OPTION LIST” 
whether or not the timer crystal should be externally at- 
tached. By externally attaching a crystal oscillator of 32.768 


LCD-III 


kHz to the Dig/XO and Dis/XI terminals, maximum 1 se- 
cond of timer interruption cycle is possible setting the 
prescaler clock to 1,024Hz. 


This circuit is the example of the typical use. As the oscillation character- 
istics is not guaranteed, please consider and examine the circuit constants 


carefully on your application. 








C 
Dig /xO 


LCD-111 
Dis /X! 





C, =C, = 20pF + 10% 
R = 10MQ + 10% 


(NOTE) 

The crystal oscillator, resistor R, Rd and load 
capacitor C,; and C, should be placed as close 
as possible to the LCD-II1. Induction of ex- 
ternal noise to 0,4/XO and D,s/X1 may 


disturb normal oscillation. 


Rd = 200k2 + 10% 
Figure 31 Crystal Oscillator Circuit 


Dy4, Dis (XO, XI) 
terminals 


With or without 
Halt state timer crystal 


Function 





Terminals for attaching 
crystal. Cannot be used 
as general t/O. 


Externally attached 


External halt crystal (32.768 kHz) 


Prescaler clock is set to 1,024 Hz and the over- 
flow signal to 16 Hz. Up to 1 second can be set 
as the timer interruption cycle. 








(Without crystal) 
Internal clock of LSI 


Used as general !/O 


External halt 


The prescaler clock becomes 100 kHz type, 
and the timer interruption cycle can be set to 
maximum 97.66 Hz. 





Terminals for attaching 
crystal. Cannot be used 
as general 1/0. 


Externally attached 
crystal (32.768 kHz) 


Internal and 
external halt 





® MASK OPTION 
The following type mask option is available. 


@ 1/0 Terminal Format.......... 
A: Without pull-up MOS 
B: With pull-up MOS 
C: CMOS output 
(Note) External input is not permitted if CMOS output is 
selected in the case of I/O common terminals. 


Select one of A, B or C 





Prescaler clock is set to 1,024 Hz and the over- 
flow signal to 16 Hz. This signal performs the 
LCD-II1 return from internal halt. 

(Return from external hait is not possible by the 
prescaler overflow signal.) 


state. Since the input circuit is turned off, input 
change does not cause current other than the 
standby power supply current or halt current.) 


®@ With or without Externally Attached Timer Crystal 
Without timer crystal... 


The D4 and D,s can be used as general I/O terminals. 
Select one of A, B or C in the Dy4/D,5 column of the 
I/O format specifications. 


With timer crystal .. . 


@ 1/O Status in the Halt State 
Enable 


Select Enable or Disable 
Output .... Maintained in the status before halt. 
Pull-up MOS ...ON 

Input . . . Unrelated to halt state 

(Since Pull-up MOS is ON, if halt state occurs 
when output is “0” (Low) level (NMOS; ON), pull- 
up MOS current always flows. If input changes, 
transient current flows through the input circuit. 
Also, current flows through the input pull-up 
MOS. These currents are added to standby power 
supply current (or halt current).) 


Output ... NMOS output; OFF 
CMOS output; High impedance 
(NMOS, PMOS; OFF) 

Pull-up MOS ... OFF 

Input .. . Input circuit; OFF 

(Both input and output become high impedance 


Disable 
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The Dy, and Dys cannot be used as general I/O ter- 
minals. 

Therefore, leave the D,4/D,5 column in blank. 

Since the D,q latch can be set, reset or tested, it can 
be used as a flag. 

If no internal halt exists, the D,s latch can be used as 
a flag same as the D,, latch. If internal halt exists, it 
cannot be used as a general flag. 


@ With or without Internal Halt 
With internal halt ... 


When internal halt is specified, the timer crystal must 
also be specified. 


Without internal halt .. . 


The D,s5 can be used as a general I/O terminal (when 
no timer crystal is used) or as a flag (when timer 
crystal is used). 


LCD-IIl 


= INSTRUCTION 


Instructions are listed according to their functions. 
Each mnemonic code and function are shown in this table. 










Register 
to Register 


RAM 
Address 


























LAM (X Y) 

LBM (X Y) M>B (XY<«> SPXY) 
Register X MA (X Y) M<>A (XY <> SPXY) 
RAM X MB (X Y) M<>B (XY <> SPXY) 

LMALY (Xx) A>M, Y+1 > Y(X<*>SPX) 

LMADY (xX) A>M, Y-1 > Y (X<>SPX) 





LMIIY i 
LAI i 
LBI i 














Atirea 
B+1 78 
B-1-7>B 
M+A+C(F/F) > A 
M-A-C(F/F) > A 

M+A >? A 

Decimal Adjustment (Addition) 
Decimal Adjustment (Subtraction) 
Ati 7A 

B-B 

17 C (F/F) 

0 > C (F/F) 

Test C (F/F) 

Rotation Left 

Rotation Right 

AU BA 























C(F/F) 


(to be continued) 
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| Group Mnemoniccode | _— Function 


MX i 
Y Xi 
AxXM 
BxM 
Asi 
A<M 
B<M 
SEM 1 > M(n) 

REM 0 > M({n) 

™M Test M (n) 
Branch on Status 1 
Subroutine Jump on Status 1 













Compare 























RAM bit 
Manipulation 


















ROM Load Program Counter Upper on 
Address Status 1 
Table Branch 
Return from Subroutine 
1 > VE 


















1>ItFO 
17 1F1 
1°TF 
1° CF 
0 -> WE 
0 > IFO 
0-I1F1 
0->TF 
Interrupt 0->CF 
Test IN To 
Test INT, 
Test 1FO 
Test 1F 1 
Test TF 






i > Timer/Counter 
A > Timer/Counter 
Timer/Counter > A 
Return Interrupt 
1>D (Y) 
































0o->D (Y) 

Test D(Y) 

1°-D (n) 
tnput/Output 0->D (n) 
(Display Control) Ri(p) > A 

R(p) > B 

A > R (p) 

B > R (p) 







Pattern Generation 
No Operation 
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(NOTE) 1. 


(XY) after a mnemonic code has four meanings as follows. 


Mnemonic only Instruction execution only 
Mnemonic with X Instruction execution, X <> SPX 
Mnemonic with Y Instruction execution, Y <> SPY 
Mnemonic with XY Instruction execution, X <> SPX, Y <>SPY 
[Example] LAM M>A 
LAMX M ->A, X <>SPX 
LAMY M—>A, Y <>SPY 


LAMXY MA, X <>SPX, Y <>SPY 


. Status column shows the factor which affects status by the instruction of status change. 


ALU Not Zeto 

. ALU Overflow in Addition/Carry 

ALU = Overflow in Subtraction/No Borrow 

except above .... Content of status column affects status directly. 





. Carry flip-flop is not always affected by executing the instruction which affects the Status. 


Instructions which affect Carry flip-flop are eight as follows. 
Cc 


AMC 

SMC REC 
DAA ROTL 
DAS ROTR 


. All instructions except for P are executed in single cycle. 


P is executed in 2-cycle. 
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LCD-I11 Mask Option List 


(1) 1/0 Option 














no] 
=A 
° 
] 






ce) 


Pin Name i/ 


= 
1) 





5 











= 
fo) 


INTo 
INT1 


[2/2 [= 


SIS /=/5/= 





NUMTTTANATI 
TT 

TTT 
HAN TOTMATEE 
HUTAITUAAER AN 





* Specify the |/O composition with a mark of ““O” in the applicable composition column. 
A: No pullup MOS B: With pullup MOS = C: CMOS Output 


(2) Oscillator & External Halt 














*Please check one section on the above chart. 
(3) Oscillator & Internal Halt 


No (RAM contents are No (RAM contents are Yes (It is provided only 
not kept by reset) kept by reset) when the crystal for timer exists.) 








External Clock 





* Please check one section on the above chart. 


(4) Other Options 


1/0 State at Halt Mode cEnable © Disable I ae taeee s oe l 


External Crystal for Timer Oo Yes 0 No Jf “Yes”, Dig and Dis become XO and X! 
for connection of Crystal. Therefore, no 1/O 
option can be selectable. 

















Supply Voltage o §+05V OQ 2,7 to 5.5V 


* Mark “4/" in “O' for the selected 1/O state. 
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LCD— lv (HD613901) 


The LCD-IV is the CMOS 4-bit single chip microcomputer 
which contains ROM, RAM, I/O, Timer/Event Counter and 
Control Circuit, Direct Drive Circuit for LCD on single chip. 
The LCD-IV is designed to drive LCD directly and perform 
efficient controller function as well as arithmetic function for 
both binary and BCD data. With the on-chip crystal oscillator 
for timer, the clock function is easily realized. The CMOS 
technology of the LCD-IV provides the flexibility of microcom- 
puters for battery powered and battery back-up applications in 
combination with low power consuming LCD. 


FEATURES 
4-bit Architecture 
4,096 Words of Program ROM (10 bits/Word) 
256 Digits of Data RAM and Display Data RAM (4 bits/ 
Digit) 
Control Circuit and Direct Drive Circuit for LCD 
4 Commons (Duty Ratio; Static, 1/2, 1/3, 1/4) 
32 Segments (Externally expandable up to 96 Segments 
using external Drivers HD44100Hs) (FP-80) 
@ 32 1/0 Lines and 2 External Interrupt Lines 
© Timer/Event Counter ® PIN ARRANGEMENT 
@ All Instructions except One tnstruction; Single Word and 
Single Cycle 
@ BCD Arithmetic Instructions 
@ Pattern Generation Instruction 
— Table Look Up Capability — 








© Powerful Interrupt Function INT, fos 
3 Interrupt Sources 
2 External Interrupt Lines Ai,(e 
Timer/Event Counter Rules] 
Multiple Interrupt Capability Re[70) 
®@ Bit Manipulation Instructions for Both RAM and I/O a 
@ Option of I/O Configuration Selectable on Each Pin; Pull a 
Up MOS or CMOS or Open Drain Raala 
@ Built-in Oscillator for System Clock (Resistor or Ceramic ®» 
Filter) Rn 
@ Built-in Crystal Oscillator for Timer pg 2 
@ Low Operating Power Dissipation ee : 
@ Stand-by Mode (Halt Mode) D, feo) 
@ 2 Versions; « Vcc = 5V + 10%, 5us Instruction Cycle 
Time 
e Vcc = 2.5V to 5.5V, 20 us Instruction 
Cycle Time 


(Top View) 
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# BLOCK DIAGRAM 







ROM 





4,096 x 10 bit 









program memory ) 
( pattern memory 

































n 
> 
® OD, 
” OD 
' 
OD i; 
00D, ,/x0 
00D,;/X! 
~s 
Data RAM Vv 
RAM Display Data io 
Aa ——0O GND 
ws x4 nt 
H —O TEST 
= 
Display Counter Ko — 
Shift Register (32 bit) & Control Lp as 
~. eee ee a 
LCD Latch (32 bit) iy at 
we a ae: 
LCD Driver ' oer 
CPG ‘ CET Supply 
cra| (32 SEG) 1 (4 COM) Control 
Oo 0 ome } oO 0 SS O 0000 O O O 
Be ee err ee 
z>2 99 n ORT) os 7 a 
<< aA slats test 
om! a oD 3 90008 
 ieceaamata | 
, ; VO Common 
Liu wad 
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@ ELECTRICAL CHARACTERISTICS (Vcc = 5V + 10%) 


®@ ABSOLUTE MAXIMUM RATINGS 


-0.3 to +7.0 Vv 


Maximum Total Output Current (1) -Zlo1 (Note 3) 


Supply Voltage 


Terminal Voltage (1) 





Maximum Total Output Current (2) (Note 3) 
Operating Temperature a to +75 
Storage Temperature — -55 to +125 


(NOTE) 1. Stresses above those listed under “ABSOLUTE MAXIMUM RATINGS” may cause permanent damage to the device. Normal! opera- 
tion should be limited to those conditions specified under “ELECTRICAL CHARACTERISTICS -1” and "-2’’. The use beyond these 
conditions may cause LSI's malfunction and at the same time affects device reliability. 

. All voltages are with respect to GND. 

. Maximum Total Output Current is the total sum of output currents which can flow out or in simultaneously. 

. Power supply condition Vcc > V1 > V2 > V3 > GND should be maintained. 


Pwn 
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@ ELECTRICAL CHARACTERISTICS — 1 (Vcc = 5V + 10%, Ta = -20 to +75°C) 


Item 


Input ‘‘Low” Voltage 


Vv 





Val 
. 






































































Input “High” Voltage Vin Vv (12) 
Output “Low” Voltage lot = 1.6 mA Vv 
Output “High” Voltage (1) -low = 1.0mA Vv (1) 
Output “High” Voltage (2) -loH = 0.01 mA Vv (2) 
Driver Voltage Descending (COM) Id = 0.05 mA, Vicp = 5 V V (16) 
Driver Voltage Descending (SEG) Id = 0.01 mA, Vicp = 5 V Vv (16) 
Dividing Resistor of LCD Power 
Supply 
Interrupt Input Hold Time ee us (14) 
Output “High” Current uA (3) 
Input Leakage Current Vin = 0 to Vcc ate (4),(12) 
Pull up MOS Current Vcc = 5V 

Vin = Vcc, Vcc = 5V 
Supply Current (1) Ceramic Filter Oscillation 

(fose = 800 kHz) 


Supply Current (2) 


Standby I/O Leakage Current 
Standby Supply Current (1) 
Standby Supply Current (2) 
LCD Display Voltage 


Frame Frequency of LCD Drive 
















Vin =Vcc, Vcc = 5V 

R¢ Oscillation 

(fosc = 800 kHz) 

External Clock Operation 
(fep = 800 kHz) 


HLT = 1.0V, Vin = 0 to Vcc 
Vin = Vcc, HLT = 0.2V 
Vin = Vcc, HLT = 0.2V 


fr 


a0 | A [6).002)_ 
| BA | aS 

ee ee 

Mates ci 


256 x Xx Tinet xnx Tinst je (13) 






n= 1 (static) 

n=2 (1/2 Duty) 
n= 3 (1/3 Duty) 
n = 4 (1/4 Duty) 


External Clock Operation; System Clock 


External Clock Frequency 
External Clock Duty 

External Clock Rise Time 
External Clock Fall Time 
Instruction Cycle Time 

























| trep | 


Tinst 











Internal Clock Operation (Rf Oscillation); System Clock 


Clock Oscillation Frequency 
Instruction Cycle Time 


Rg = 62k2 + 2% 








Instruction Cycle Time 










Ceramic Filter 
Tinst = 4/fose 





(NOTE) All voltages are with respect to GND. 
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@ ELECTRICAL CHARACTERISTICS — 2 (Ta = -20 to +75°C) 


ee . 
Item Symbol Test Conditions Unit 











(17) 































































































Note 
Halt Duration Voltage | Von | HLT =0.2V as (17) 
Vin = Vcc, HLT = 0.2V, (17), 
Halt Current Vpn =2.3V BA (19) 
Operation Recovery Time 100 (17) 
HLT Fall Time - 1000 Us (17) 
HLT Rise Time - (17) 
HLT ‘‘Low” Hold Time 400 (17) 
R¢ Oscillation, External 100 = 
HLT “High” Hold Time Clock Operation Us (17) 
R¢ Oscillation, External 5 
RESET Pulse Width (1) Clock Operation (18) 
Ceramic Filter Oscillation 20 
Prescaler Clock 
= System Clock 
External fot cleat 
P 
Best ee wit Beat (18) 
RESET Pulse Width (2) HLT=Vcc | clock=Dis aide 
Vec = 45 Xl clock signa 
to 5.5V (32 x10 / Clear 
foscx) Prescaler 32 x 10°/ 
with Reset fosex 
signal 
: : External Reset, HLT = Vcc, 
RESET Rise Time Vec = 4.5 to 55V ae 
i External Reset, HLT = Vcc, 
RESET Fall Time Vcc = 4.5 to 5.5V “18) 


(NOTE) 


oO N= 


Applied to PMOS load of CMOS output pins and CMOS I/O common pins among D and R terminals. 
Applied to CMOS output pins, CMOS 1/0 common pins, input pins with pull up MOS, and |/O common pins with pull up 


MOS among D and R terminals. 


Applied to open-drain output pins and open-drain |/O common pins among D and R terminals. 


Pull up MOS current is excluded. 





Applied to the supply current when the LCD-IV is in the reset state and the crystal oscillation for timer doesn’t operate. 


(Current that flows in the input/output circuit and in the power supply circuit for LCD-is excluded). 


Test Condition: RESET, HLT, TEST = Vcc (Reset State) 
INTo, INT, ‘ Roo to R33, De to Di = Ve 


C 
D,,/XO, Dy. Pe we /XO, Dys/X!1 = Vcc (Crystat oscillation for timer is not selected). 


Vi.V2,V3 = Vee D,,/XO = Open, D,,/X! = Vcc (Crystal oscillation for timer is selected). 


COM; to COM,, SEG, to SEG;; = Open 


When the crystal oscillation for timer operates, the standby supply current (2) Iccs2 flows in addition to Icc1 or Icc2. 


When the LCD-IV is installed in the user's system, and in operation current increases according to the external circuitry and 


devices. Those are connected to the LCD-IV. User should design the power supply in consideration of this point (The 
difference between the measured current in the above reset state and that measured in the operational state in the user’s 


system is the increased part of the supply current). 


Standby 1/O leakage current is the leakage current of 1/O pins in the ‘‘Halt’’ and “Disable” state. 
Current that flows in the input/output circuit and in the power supply circuit for LCD is excluded. The standby supply 
current (2) is the supply current at Vcc = 5V + 10% in “Halt” state in the case that the crystal oscillation for timer is selected 
(only the crystal oscillator for timer, 5-bit divider and 6-bit prescaler are in operation). 
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8. Applied to external clock operation (system clock). 


Oscillator 


Open 


Th T 
Vin T 
Duty = ! x 100% 
2.5V Th+ Ty 
Vin 
rcp tcp 


9. Applied to internal clock operation using resistor Ry. (system clock) 








osc, 


R¢ 


osc, 


Wiring of OSC, and OSC, terminals should be as short as possible because the oscillation frequency is modified by capaci- 
tance of these terminals. 


10. Applied to internal clock operation using ceramic filter. (system clock) 

11. Power supply condition Vcc 2 Vi 2 V2 2. Vs 2 GND should be maintained. 

12. Applied to input pins, 1/O common pins among D and R terminals, and RESET, HLT, OSC, , INTo, INT, pins. 

13. Lower limit of operation frequency is determined by liquid crystal display duty. Flutter occurs on liquid crystal display if 
frame frequency is under 32 Hz. Therefore operation frequency should be determined to prevent that frame frequency 
becomes under 32 Hz. 

The following shows the relation between liquid crystal display frame frequency and operation frequency. 














1,000 as 

— oa a 

a Se 
a 500 ana ee Static 
ee 
ou 
es de 
g 1/3 duty 
s 1/4 duty 
Le ey SE ES 

a 
£ i 
Ee 50/-__|—] 
Pi a 
3 Frame Frequency a me. 
Q Lower Limit 
2 


10 50 
Operation Frequency fep, fosc (kHz) 


14. INT) and INT, inputs must be retained for two or more instruction cycle time at both “High” and “‘Low” levels. 





15. Power supply circuit for LCD is excluded. The standby supply current (1) is the supply at Vcc = 5V + 10% in “‘Halt” state 
in the case that the crystal oscillation for timer is not selected. The supply current when supply voltage falls to the Halt 
Duration Voltage is called ‘Halt Current” (IpH). (shown in ELECTRICAL CHARACTERISTICS—2) 
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16. The voltage that drops between the power supply terminals (Vcc, Vi, V2. V3) and each common or segment output terminal. 
17. External Halt Timing Chart 


vec 
HLT 


GND 





18, RESET Input Condition 


ALT = Vee (Reset State) (Reset State) 
4.5V 





(Operating 
State) 


tfRST trRST teRST 


VIL 
Vcc 


@ tRST, includes the time that required from the power ON until the operation gets into the constant state. 
®@ tRST, is applied when the operation is in the constant state. 
Reset circuit at power on is not installed. Simple reset circuit at power on is the following. 


Vec 


+ 


RESET 


19. The supply current at Vcc = VbH = 2.3V in “Halt” state, in the case that the crystal oscillation for timer is not selected. 
Current that flows in the input/output circuit and in the power supply circuit for LCD is exctuded. 


@ ELECTRICAL CHARACTERISTICS (Vcc = 2.5 to 5.5V) 
® ABSOLUTE MAXIMUM RATINGS 


Supply Voltage -0.3 to +7.0 
Terminal Voltage -0.3 to Vec +0.3 


Maximum Total Output Current (1) ee ee eee (Note 3) 
Maximum Total Output Current (2) | Son | 25 Tm (Note 3) 
Operating Temperature 
Storage Temperature 


(NOTE) 1. Stresses above those listed under “ABSOLUTE MAXIMUM RATINGS” may cause permanent damage to the device. Normal opera- 
tion should be limited to those conditions specified under “ELECTRICAL CHARACTERISTICS -1” and “’-2’. The use beyond these 
conditions may cause LSI’s malfunction and at the same time affects device reliability. 

All voltages are with respect to GND. 

Maximum Total Output Current is the total sum of output currents which can flow out or in simultaneously. 

Power supply condition Vcc > V1 > V2 > V3 > GND should be maintained. 


FON 


180 





LCD-IV 


@ ELECTRICAL CHARACTERISTICS — 1 (Vcc = 2.5 to 5.5V, Ta = -20 to +75°C) 


Item 


Input “Low” Voltage 
Input “‘High’’ Voltage 
Output “‘Low” Voltage 
Output “High” Voltage (1) 
Output “High” Voltage (2) 


Driver Voltage Descending 
(COM) 
Driver Voltage Descending 
(SEG) 


Dividing Resistor of LCD 
Power Supply 





Interrupt Input Hold Time 
Output “High’’ Current 
Input Leakage Current 
Pull up MOS Current 


Supply Current 


Standby I/O Leakage Current 


Standby Supply Current (1) 


Standby Supply Current (2) 
LCD Display Voltage 


Frame Frequency of LCD 
Drive 




























7 pans eee i 
Vou = Vcc 
mat a 1) 


Vin = 0 to Vcc 


Vcc = 3V 
Sara S LE 


Vin = Vcc, Vcc = 3V 


R¢ Oscillation 
(7) 
Be 7) 








Icc (fosc = 200 kHz) 


External Clock Operation 
(fep = 200 kHz) 


HLT = | tis | HLT=05V, Vin=OtoVcc | Vin =O0to | tis | HLT=05V, Vin=OtoVcc | 


Vin = Vcc, HLT =0.1V, 
Vcc = 2.5 to 3.3V 


lccs1 
Vin = Vcc, HLT = 0.1V, 
a 2.5 to 3.3V 

|} Vec-V3 


n= 1 (static) 
n= 2 (1/2 Duty) 


lccs2 





External Clock Operation; System Clock 






External Clock Frequency 
External Clock Duty 
External Clock Rise Time 

















External Clock Fall Time 
Instruction Cycle Time 










Clock Oscillation Frequency 


eae OS 8 
sata me 


Internal Clock Operation (R¢ Oscillation) ; System Clock 





Instruction Cycle Time 


(NOTE) 








fF n= 3 (1/3 Duty) ELE Mel 
n= 4 (1/4 Duty) 
“fp | 980° 1 900° 7 ke | (8), (12) 






Duty 













Vcc =2.5 to3.5V 
cc= 2.5 to5.5V 





Re=270k2+2% 


fosc 


130 





cc= = 2.5 03.6V 14.8 30.8 


Alt voltages are with respect to GND. 
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@ ELECTRICAL CHARACTERISTICS-2 (Ta = -20 to +75°C) 


z 
Item Symbol Test Conditions ame eae Unit Note 
Vv 


Halt Duration Voltage HLT =0.2V | 23 | - | Vv (16) 
Halt Current [Tow [Vin= Voc, HET=02V.Von=2aV[~— [40 | aA [G6), a 


















































Halt Delay Time ) tHo | 100 | - | as (16) 
Operation Recovery Time 100 | = | us (16) 
ALT Fall Time p= 1000s [1183 
ACT Rise Time Pamer [10007 os [108 
HET "Low" HoldTime | wut | —SsS—~—SSCSC STS | | 
FLT “High” Hold Time | toma _| = st 
RESET Pulse Width (1) External Reset, HLT = Vcc [| — | ms | (17) 
Prescaler Clock 2.Tinst 
= System Clock 
Not Clear 
External | Prescaler Prescaler ; 
Reset, Clock=D,, with Reset 2-Tinst 
RESET Pulse Width (2) trst2 | HLT=Vcc}/X! Clock Signal us (17) 
Vec=2.5V ies ) Clear 
to 5.5V Pie Prescaler | 32x10® 
with Reset foscx 
Signal 
ee External Reset, HLT = Vcc 
RESET Rise Time Vee = 2.5 to 55V | 100 | us | (17) 
: External Reset, HLT = Vcc 


(NOTE) Applied to PMOS load of CMOS output pins and CMOS 1/O common pins among D and R terminals. 
. Applied to CMOS output pins, CMOS 1/0 common pins, input pins with pull up MOS, and 1/O common pins with pull up 
MOS among D and R terminals. 
. Applied to open-drain output pins and open-drain |/O common pins among D and R terminals. 
. Pull up MOS current is excluded. 
. Applied to the supply current when the LCD-IV is in the reset state and the crystal oscillation for timer doesn't operate. 
(Current that flows in input/output circuit and in the power supply circuit for LCD is excluded). 
Test Condition: RESET, HLT = Vcc (Reset State) 


D,,/XO, Dis /XI oa D,,/X0O, Dy, /X1 = Vcc (Crystal oscillation for timer is not selected.) 


gee no 


Vi.V2.Vs = Vee D,,4/XO = Open, Dis /X! = Voc (Crystal oscillation for timer is selected.) 


COM, to COM,, SEG; to SEG3, = Open 

When the crvsta! oscillation for timer operates, the standby supply current (2) Iccs2 flows in addition to Icc. 
When the LCD-IV is installed in the user’s system, and in operation current increases according to the external circuitry and 
devices. Those are connected to the LCD-!V. User should design the power supply in consideration of this point. (The 
difference between the measured current in the above reset state and that measured in the operational state in the user’s 
system is the increased part of the supply current). 

6. Standby |/O leakage current is the leakage current of !/O pins in the ‘‘Halt” and ‘‘Disable”’ state. 

7. Current that flows in the input/output circuit and in the power supply circuit for LCD is excluded. The standby supply 
current (2) is the supply current at Vcc = 2.5 to 3.3V in ‘‘Halt” state in the case that the crystal oscillation for timer is 
selected (only the crystal oscillator for timer, 5-bit divider and 6-bit prescaler are in operation). 
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8. Applied to external clock operation. (system clock) 


~~ 
No 


Oscillator 





Th Ty 
Vin 
W2V D Ty 100% 
ty = ———-x 
ce ony Tht+ Ty 
ViL 
trep fcp 


9. Applied to internal clock operation using resistor R¢. (System Clock) 


osc, 
R¢ 
Osc, 


Wiring of OSC, and OSC, terminals should be as short as possible because the oscillation frequency is modified by capaci- 

tance of these terminals. 

Power supply condition Vcc 2 Vi 2 V2 2 V3 2 GND should be maintained. 

Applied to input pins, |/O common pins among D and R terminals, and RESET, HLT, OSC, , INTo, INT, pins. 

. Lower limit of operation frequency is determined by liquid crystal display duty. Flutter occurs on liquid crystal display 
if frame frequency is under 32 Hz. Therefore operation frequency should be determined to prevent that frame frequency 
becomes under 32 Hz. 

The following shows the relation between liquid crystal display frame frequency and operation frequency. 









Static 
1/2 duty 


1/3 duty 
1/4 duty 


Frame Frequency 


Display Frame Frequency fe (Hz) 


Lower Limit 


10 50 100 500 
Operation Frequency fep, fose (kHz) 


13. INTo and INT; inputs must be retained for two or more instruction cycle time at both ‘‘High”’ and ‘‘Low” levels. 
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14, Current that flows in the input/output circuit and in the power supply circuit for LCD is excluded. The standby supply 
current (1) is the supply at Vcc = 2.5 to 3.3V in “Halt’’ state in the case that the crystal oscillation for timer is not selected. 
The supply current when supply voltage fails to the Halt Duration Voltage is called.“Halt Current” (Ip+). (shown in 


ELECTRICAL CHARACTERISTICS —2). 


15. The voltage that drops between the power supply terminals (Vcc, Vi, V2, V3) and each common or segment output terminal. 


16. External Hait Timing Chart 


Vcc 
HLT 


17. RESET Input Condition 


(Reset State) 


HLT = Vcc 


Vcc 





(Reset State) 






(Operating 
State) 


{RST trRST “RST 


Vit 


@ tRST, includes the time required from the power ON until the operation gets into the constant state. 
@ tRST, is applied when the operation is in the constant state. 
Reset circuit at power on is not installed. Simple reset circuit at power on is the following. 


Vec 


+ 


RESET 


18. The supply current at Vcc = VDH = 2.3V in “Halt” state, in the case that the crystal oscillation for timer is not selected. 
Current that flows in the input/output circuit and in the power supply circuit for LCD is excluded. 


= SIGNAL DESCRIPTION 
The input and output signals for the LCD-IV shown in PIN 
ARRANGEMENT are described in the following paragraphs. 


® Voc and GND 
Power is supplied to the LCD-IV using these two pins. 
Vcc is power and GND is the ground connection. 


@® RESET 
The LCD-IV can be reset by pulling RESET High. 
Refer to RESET FUNCTION for additional information. 


@ OSC, and OSC, 

These pins provide control input for the on-chip clock oscil- 
lator circuit. A resistor, a ceramic filter circuit, or an external 
oscillator can be connected to these pins to provide a system 
clock with various degreeds of stability/cost trade-offs. Lead 
length and stray capacitance on these two pins should be 
minimized. 

Refer to OSCILLATOR for recommendations about these 


pins. 


e HLT 

This pin is used to place the LCD-IV in the HALT state 
(Stand-by Mode). The LCD-IV can be moved into the halt 
state by pulling HLT low. 

In the halt state the internal clock stops and all the internal 
status (RAM, Registers, Carry, Status, Program Counter, and all 
the internal statuses) are maintained. Consequently power 
consumption is greatly reduced. By pulling HLT high, the 
LCD-IV starts operation from the status just before the halt 
State. 

Refer to HALT FUNCTION for details of halt mode. 


@ TEST 
This pin is not for user application and must be connected 
to Vcc. 


e INT) and INT, 
These pins provide the capability for asynchronously apply- 
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ing an external interrupt to the LCD-IV. 
Refer to INTERRUPTS for additional information. 


e Vi ; Vv, and V3 
Power for liquid crystal display are supplied to the LCD-IV 
using these pins (Vcc 2V1 2V2 2V3 2GND). 


® Roo to Ros 
These 4 lines are a 4-bit input channel. 
Refer to INPUT/OUTPUT for additional information. 


® Rio to R13, R20 to R23 

These 8 lines are arranged into two 4-bit Input/Output 
common channels. 

The 4-bit register is attached to this channel. This channel 
is directly addressed by the operand of an instruction. I/O 
configuration of each pin can be specified among Open Drain 
and CMOS using a mask option. 

Refer to INPUT/OUTPUT for additional information. 


@ R:o to Ras 

These 4 lines are a 4-bit output channel. 

4-bit register is attached to this channel. This channel is 
directly addressed by the operand of an instruction. I/O con- 
figuration of each pin can be specified among Open Drain and 
CMOS using a mask option. 

Refer to INPUT/OUTPUT for additional information. 


® Do to Di3 

These are 14 discrete signals which can be configured as 
Input/Output lines. 

Refer to INPUT/OUTPUT for additional information. 


e D,,4/X0O, D,;/Xl 
D,4/XO and D,;/XI require a mask option in the following 
3 types. 
e Discrete I/O (common terminal) 
e Crystal circuit connecting terminals (with internal halt) 
e Crystal circuit connecting terminals (no internal halt) 
Refer to INPUT/OUTPUT for additional information. 


@ COM: to COM, 
These pins are common terminals for liquid crystal display. 
Refer to LIQUID CRYSTAL DISPLAY for additional in- 
formation. 


@ SEG: to SEG32 
These pins are segment terminals for liquid crystal display. 


® OSCILLATOR 
The user can specify a resistor, or a ceramic filter circuit or 
an external oscillator by “MASK OPTION LIST”. 
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(1) External Clock 





Oscillator 


Open 





(2) Resistor 


Osc, 


OSC, 


(3) Ceramic Filter (This is not applied to Low Voltage Operation Version.) 
Cy 





Ceramic 
Filter 


Ca Ra 


(NOTE) Configuration and constant 
of external parts are depend 
upon each applied ceramic 


filter. 


The ceramic filter oscillation does not apply when using “Halt” and not 
resetting at time of ‘Halt’ canceliation. 

This circuit is the example of the typical use. As the oscillation character- 
istics is not guaranteed, please consider and examine the circuit constants 
carefully on your application. 


2 ROM 
@ ROM Address Space 


ROM is used as a memory for the instructions and the pat- 


terns (constants). The instruction used in the LCD-IV consists 
of 10 bits. These 10 bits are called ‘“‘a word”’, which is a unit 
for writing into ROM 


The ROM address has been split into two banks. 

Each bank is composed of 32 pages (64 words/page). 

The ROM capacity is 4,096 words (1 word = 10 bits) in all. 
All addresses can contain both the instructions and the pat- 


terns (constants). 
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The ROM address space is shown in Figure 1. 
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|.~____ 64 words ————= 


1F OF +————. 3E 3F 


*Subroutine Space G 
y 
\ 






O Page 
1 Page 


(O Page) 







Timer/Counter Interrupt Address 
BankO 0 Page 3F Address 
{0 Page 3F Address) 


Bank 0 
Input Interrupt Address 
Bank QO 1 Page 3F Address 
(1 Page 3F Address) 
30 Page (30 Page) 
Se] A ( 
Te (cL 
1 Page (33 Page) 
Bank 1 


29 Page 
30 Page 
31 Page 

Reset Address 
Bank 1 31 Page 3F Address 
(63 Page 3F Address) 


*Bank 0 0 Page (0 Page) is the Subroutine Space. 


Note: The parenthesized contents are expressions of the Page, combining 
the bank part with the page part. 


Figure 1 ROM Address Space 
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@ Program Counter (PC) program counter consists of the bank part, the page part, and 
The program counter is used for addressing of ROM. The the address part as shown in Figure 2. 
atl bind Eaiadbnl 










3F Address 


[oP |} 


30 Page OF Address 
31 Page 1F Address 


Bank 0 
Bank 1 


3F Address 
3E Address 













= 


1F Address 


OF Address 






eos 
PC,, PC, PC, PC, PC,}| PC, PC, PC, PC, PC, 
La 


Page Address 
a Part Part 
r 
\ ihe Part) ———— | 


Note: The parenthesized contents are expressions of the 
Page, combining the bank part with the page part. 


Figure 2 Configuration of Program Counter 


The bank part is a I-bit register and the page part is a 5-bit Table 1 Program Counter Address Part Sequence 
register. Wa. 
Once a certain value is loaded into the bank part or the page decimal 
part, the content is unchanged until other value is loaded by a 
program, 


The settable value is “0” (the Bank 0) or “‘1”’ (the Bank 1) 
for the bank part, and 0 to 31 for the page part. 

The address part is a 6-bit polynomial counter and counts up 
for each instruction cycle time. The sequence in the decimal and 
hexa-decimal system is shown in Table 1. This sequence is cir- 
culating and has neither the starting nor ending point. It doesn’t 
generate an overflow carry. Consequently, the program on a 
same page is executed in order unless the value of the bank part 
or the page part is changed. 
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@ Designation of ROM Address and ROM Code 

The bank part of the ROM address is shown in the binary 
system and the page part in the decimal system. The address 
part is divided into 2 bits and 4 bits, and shown in the hexa- 
decimal system. 

It is possible to combine the bank part and the page part and 
show the combined part as the Page (in the decimal system). 


(a) ROM Address 
(Example 1) 


(Page Part) —————_ 
gy ik Part 





In this case, the 0 Page to the 31 Page in the Bank 1 are shown 
as the 32 Page to the 63 Page. The examples are shown in Figure 
3. 

One word (10 bits) of ROM is divided into three parts (2 
bits, 4 bits and 4 bits from the most significant bit Ojo in order) 
shown in the hexa-decimal system. The examples are shown in 
Figure 3. 


[777 Page Part ———-._ > Address Part —-—. 


BRORGO DOCK Pe ate ne om ener 


YS Decimal —————_/ \____/ \-——_ Hexa- 
io aa 


an = 
U——-— (Decimal) Lew 


(Example 2) 


| ee he Part) ——— 
Bank pal 


(52—26: 52 Page 26 Address) 


[-—— Page Part rsa pet Address Part ————-\ 
Bank 0 2—0A: Bank 0 2 Page OA Address 
(2—OA: 2 Page OA Address) 


a oe ores 


Binary Hexa- 
\__— (Decimal) —————/_ decimal 


(b) ROM Code 
(Example 1) 


decimal 


09 ee CO, 
0 1 1 0 1 1 0 1 1?) 1 ROM Pattern, Object Code: 186 


= Hexa- /\ Hexa-decimal —\— Hexa-decimal + 


decimal 


(Example 2) 


9 eee CO, 
0 0 1 0 1 0 0 1 0 0 ROM Pattern, Object Code: OA4 


L Hexa- J \_ Hexa-decimal an | eee Hexa-decimal — 


decimal 


Figure 3 Designation of ROM Address and ROM Code 
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®@ PATTERN GENERATION 

The pattern (constant) can be accessed by the pattern instruc- 
tion (P). The pattern can be written in any address of the 
ROM address space. 
@ Reference 

ROM addressing for reference of the patterns is achieved by 
modifying the program counter with the accumulator, the B 
register, the Carry F/F and the operand p. Figure 4 shows how 
to modify the program counter. The address part is replaced 
with the accumulator and the lower 2 bits of B register, while 
the page part and the bank part are ORed with the upper 2 bits 
of B register, the Carry F/F By the operand p. 


The valye of the operand p (p2, p;, Po) is 0 to 7 (decimal). 
The bank part of the ROM address to be referenced to is 


determined by the logical equation: PC,, + P2 (P. = the MSB of 
the operand p). 

If the address where the pattern instruction exists is in the 
Bank 1, only the pattern of the Bank 1 can be referenced. 

If the address where the pattern instruction exists is in the 
‘Bank 0, the pattern of the either Bank | or Bank 0 can be refer- 
enced depending on the value of p,. The truth table of the bank 
part of the ROM address is shown in Table 2. 

The value of the program counter is apparently modified and 
does not change actually. After execution of the pattern instruc- 
tion, the program counter counts up and the next instruction is 
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executed. 

The pattern instruction is executed in 2-cycle time. 
@ Generation 

The pattern of referred ROM address is generated as the fol- 
lowing two ways: 

(i) The pattern is loaded into the accumulator and B 

register. 

(ii) The pattern is loaded into the Data I/O Registers R2 

and R3. 

Selection is determined by the command bits (Og, Ojo) in 
the pattern. 

Mode (i) is performed when QO, is “‘1”’ and mode (ii) is per- 
formed when Oyo is “1”. 

Mode (i) and (ii) are simultaneously performed when both 
Og and Ojo are “1”. The correspondence of each bit of the pat- 
tern is shown in Figure 5. 

Examples of the pattern instruction is shown in Table 3. 


CAUTION 
In the program execution, the pattern can not be distinguish- 
ed from the instruction. When the program is executed at the 
addresses into which pattern is written, the instruction corres- 
ponding to the pattern bit is executed. Take care that a pattern 
is not executed as an instruction. 


r——— (Page Part) ———_, 


Bank Part 
aa Page Part [oe Address Part Sh 


(PC) | Pc,,|PC,, PC, PC, PC, PC,|PC, PC, PC, PC, PC, PC, 


e-T-T- 
(Data for Modification) 1 p, P, Po 
Lod ot 





PPC PC, TPCT PC, PCY 8 yg. Ore ae 
‘lV p,° Vape Hct l ves! 8, Bat By Ry PAGE Avil Ao 
wits aete-wted-te-iu-Jd 


(Reference Up Tec 
ROM address) 


Figure 4 ROM Addressing for Pattern Generation 


Table 2 Bank Part Truth Table of Pattern Generation 






Bank part of ROM address 
to be referenced to 


1 (Bank 1) 
1 (Bank 1) 
1 (Bank 1) 
0 (Bank 0) 









PC,, 






1 (Bank 1) 









0 (Bank 0) 
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Pattern of ROM 


Loaded into the accumulator 
and 8 register 





Loaded into the R2 and R3 
registers 


! 1 Rao Ra, R, Ras Ro Ra Ra R,; 


Figure 5 Correspondence of Each Bit of Pattern 


Table 3 Example of Pattern Instructions 












Before Execution Referred ROM ROM After Execution 


pe Be | 2G 2 Bale A i: _ eee a> 
































Bank 0 0-3F Bank 0 10-20 
(0-3F) (10-20) 
Bank 0 0-3F 7 Bank 1 29-00 
(0-3F) (61-00) 
Bank 1 30-00 one" Bank 1 30-09 Be me 
(62-00) (62-09) 
Bank 1 30-00 one Bank 1 31-39 
(62-00) (63-39) 


means that the value does not change after execution of the instruction. 
“** “O/1°' means that either 0" or 1" may be selected. 


® BRANCH will remain unchanged (“0”). 

ROM is accessed according to the program counter sequence LPU instruction is used in combination with BR instruction 
and the program is executed. In order to jump to any address or CAL instruction as the macro instruction of BRL or CALL 
out of the sequence, there are four ways. They are explained in instruction. 
the following paragraphs. @® BRL 
e BR By BRL instruction, the program branches to an address in 

By BR instruction, the program branches to an address in the any bank and page. 
current page. This instruction is a macro instruction of LPU and BR 

The lower 6 bits of ROM Object Code (operand a, O, to O, ) instructions, which is divided into two instructions as follows. 
are transferred to the address part of the program counter. This 
instruction is a conditional instruction and executed only when BRL a-b-——-= LPU a 
the Status F/F is “1”’. If it is “O”, the instruction is skipped and BR b 
the Status F/F becomes “1”. The operation is shown in Figure 6. — 

@ LPU < Jump to Bank “’R,,.’’,a Page — b Address > 

By LPU instruction, the jump of the bank and page is per- 
formed. BRL instruction is a conditional instruction because of 

The lower 5 bits of the ROM Object Code (operand u, O, characteristics of LPU and BR instructions, and is executed only 
to O,) are transferred to the page part of the program counter when the Status F/F is “1”. If the Status F/F is ‘0”’, the instruc- 
with a delay of 1 instruction cycle time. At the same time, the tion is skipped and the Status F/F becomes “1”. The examples 


signal Ry (the reversed-phase signal of the Data I/O Register of BRL instruction are shown in Figure 8. 
Ra.) is transferred to the bank part of the program counter with @ TBR (Table Branch) 


a delay of 1 instruction cycle time. The operation is shown in By TBR instruction, the program branches by the table. 

Figure 7. The program counter is modified with the accumulator, the 
Consequently, the bank and page will remain unchanged in B register, the Carry F/F and the operand p. 

the cycle immediately following this instruction. In the next The method for modification is shown in Figure 9. 

cycle, ajump of the bank and page is achieved. The bank part is determined by the logical equation: PC,, + 
This instruction (LPU) is conditional, and is executed only P2, as shown in Table 4. 

when the Status F/F is “1”. Even after a skip, the Status F/F If the address where TBR instruction exists is in the Bank 1, 
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it is possible to jump to an address only in the Bank 1, not to 
an address in the Bank 0. 

If the address where TBR instruction exists is in the Bank 0, 
it is possible to jump to an address in either the Bank 1! or the 


ROM 
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Bank 0 depending on the value of the operand p.. 
TBR instruction is executed regardless of the Status F/F, and 
does not affect the Status F/F. 


G5 0) 


Pred d dl 


PC 


Bank Part 


Figure 6 BR Operation 


Data I/O 
Register 





Bank Part 


Figure 7 LPU Operation 


Branch to Bank 0 


LAL 15 = 
“LRA 7 Ray = "1" (Ay = 0") 
L-eLPU 5} 
% BRLS5-3F 
BR = 3F > (Branch to Bank 0 5-3F (5-3F)) 
LAI 18 
LBA 
«--LRA 7 Rao aq (Rj, ="0") 
‘ COMB 
‘-sLPU 312 
BR 3F , BRL 31-3F 


(Branch to Bank 0 31-3F (31-3F)) 


Branch to Bank 1 


LAI 0 on 
al LRA 7 : Rao = “0” (Rag s vq) 
eee 2 JRL SSF 

* (Branch to Bank 1 15-3F (47-3F)) 

LAI 0 

LTA — 
LRA 7 Rao ="9" (R5 ="4") 
; UYt 2 
| XMA 
‘-eLPU 10 

BR 2E A BRL 10-2E 


(Branch to Bank 1 10-2E (42-2€)) 


Figure 8 BRL Example 
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Table 4 Bank Part Truth Table of TBR Instruction 


Bank Part of PC after 









1 (Bank 1) 
1 (Bank 1) 
1 (Bank 1) 
0 (Bank 0) 




















® SUBROUTINE JUMP 

There are two types of subroutine jumps. They are explained 
in the following paragraphs. 
@ CAL 

By CAL instruction, subroutine jump to the Subroutine 
Space is performed. 

The Subroutine Space is the Bank 0 0 Page (0 Page). 

The address next to CAL instruction address is pushed onto 
the Stack STI and the contents of the stacks ST1, ST2 and ST3 
are pushed onto the stacks ST2, ST3 and ST4 respectively as 
shown in Figure 10. 

The bank part of the program counter becomes the Bank 0 
and the page part becomes the 0 Page. The lower 6 bits (operand 
a, O6 to O:1) of the ROM Object Code is transferred to the 
address part of the program counter. 

The LCD-IV has 4 levels of stack (ST1, ST2, ST3 and ST4) 
which allows the programmer to use up to 4 levels of subroutine 
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jumps (including interrupts). 

CAL is a conditional instruction and executed only when the 
Status F/F is “1”. If the Status F/F is “0”, it is skipped and the 
Status F/F changes to ‘‘1”’. 

@ CALL 

By CALL instruction, subroutine jump to an address in any 
bank and page is performed. 

Subroutine jump to any address can be implemented by the 
subroutine jump to the page specified by LPU instruction in the 
bank designated by the reversed-phase signal R70. 

This instruction is a macro instruction of LPU and CAL 
instructions, which is divided into two instructions as follows. 


CALL a-b ———=LPU a 
CAL b 


< Subroutine Jump to Bank ““R4), a Page — b Address > 


CALL instruction is conditional because of characteristics of 
LPU and CAL instructions and is executed when the Status F/F 
is “1”. If the Status F/F is “O’’, the instruction is skipped and 
the Status F/F changes to “1”’. The examples of CALL instruc- 
tion are shown in Figure 11. 


| (Page Part) SS 


Bank Part 


fo ON a oe ey Address Part a 


(PC)  Pc,, |e, PC, PC, PC, PC,| PC, PC, PC, PC, PC, PC, 


eS = T = 
(Modification) | Pp, P, Po 
(ee Some See 





(PC after TBR | PCn[PCio PC," Pc, PC,” PC, 


Figure 9 Modification of Program Counter by TBR Instruction 


0, inet oO, 


itil 


a et Re ae, 


Pe teal 


eee 


Figure 10 Subroutine 
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Jump Stacking Order 


Subroutine Jump to Bank 0 


- LAI 15 an. 
retLRA 7 Ri, aeeqes (Ra, ="0") 
*LPU 5) 
5 CALL 5-3F 
CAL 3F, (Subroutine Jump to Bank 0 5-3F (5-3F)) 
LAI 15 
LBA __ 
PEOMe 7 Rio sq (R5, ="0") 
t 5 
CAL ar i CALL 31-3F 


(Subroutine Jump to Bank 0 31-3F (31-3F)) 


Subroutine Jump to Bank 1 
* LAI 


cLRA 7 | R,, = "0" (AG, = "'1") 
"ea. care AAU ABSE 
if (Subroutine Jump to Bank 1 15-3F (47-3F)) 
LAl 0 
LTA = 
rina z R,, = "0" (Rj, = 1") 
XMA : 
Bd be , CALL 10-2E 
“ (Subroutine Jump to Bank 1 10-2E (42-2E)) 


Figure 11 CALL Example 






mpepolete pele pep To 
hafisfiefisfolele]7 [els [«[ofa]e 












z 
= 


X register 
File No 
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8 RAM 

RAM is the memory used for data storage and register save 
(data RAM) and storage of segment data for liquid crystal 
display (display data RAM). Its capacity is 256 digits (1,024 
bits) where one digit consists of 4 bits. 

(Note 1) Capacity of display data RAM varies by contents of 
display, and capacity of data RAM changes corre- 
sponding to the former. 

(Note 2) On the LCD-IV, RAM contents is not broken at 
system reset. 

Addressing of RAM is performed by a matrix of the file No. 
and the digit No. Normally the file No. is set to X and the digit 
No. is set to Y, then the matrix of X and Y addresses RAM and 
performs the Read/Write operation. Special digits in RAM can 
be addressed without the use of X and Y. These digits are called 
as memory ragister (MR) and the number is 16 (MRO ~ MR15). 
Memory register can be exchanged for A register by XAMR 
instruction. RAM address space is shown in Figure 12. 


Y register 
— Digit No. 


(NOTE) The area marked as [—__) is usable 
only for data. 
The area marked as MEREEM is usable 
for both fiquid crystal display and 
data. 


Figure 12 RAM Address Space 
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In case of the instructions which consists of a simultaneous 
Read/Write operations of RAM (exchange of RAM and a regis- 
ter), the writing data doesn’t affect the reading data because the 
read operation is followed by the write operation. 

RAM bit manipulation is usable, which performs any bit set 
(SEM), reset (REM) or test (TM) of the addressed RAM. Bit 
assignment is made by the program as shown below. 


2? 22 2' 2° fA 
0 M (0) 


1 M(1) 
2 M (2) 


3 M (3) 


link 


n = Bit assignment No. 


The bit test makes the status “1” when the assigned bit is 
“1”* and makes it “0” when the assigned bit is ‘“O” 


® REGISTERS 

The LCD-IV has six 4-bit registers and two 1-bit registers 
available to the programmer. 1-bit registers are Carry F/F and 
Status F/F. They are explained in the following paragraphs. 


© Accumulator (A; A Register) and Carry F/F (C) 

The result of ALU operation (4 bits) and the overflow of 
the ALU are put into the accumulator and Carry F/F. Carry 
F/F can be set, reset or tested. Combination of the accumulator 
and Carry F/F can be right or left rotated. The accumulator is 
the main register for ALU operation and Carry F/F is used to 
store the overflow generated by ALU operation when the 
calculation of two or more digits (4 bits/digit) is performed. 


© B Register (B) 

The result of ALU operation (4 bits) is put into this register. 
B register is used as a sub-accumulator to stack the data tempo- 
rarily and also used as a counter. 





@ X Register (X) 

The result of ALU operation (4 bits) is put into this register. 
X register has exchangeability for SPX register. X register 
addresses the RAM file. 


@ SPX Register (SPX) 

SPX register has exchangeability for X register. 
SPX register is used to stack X register and expand the addres- 
sing system of RAM in combination with X register. 


@ Y Register (Y) 

The result of ALU operation (4 bits) is put into this register. 
Y register has exchangeability for SPY register. Y register can 
calculate itself simultaneously with transferring the data by bus 
lines, which is usable for the calculation of two or more digits 
(4 bits/digit). Y register addresses the RAM digit and 1-bit 
discrete input/output common terminals. 


@ SPY Register (SPY) 

SPY register has exchangeability for Y register. SPY register 
is used to stack Y register and expand the addressing system of 
RAM and 1-bit discrete input/output common terminals in 
combination with Y register. 


© Status F/F (S) 

Status F/F latches the result of logical or arithmetic opera- 
tions (Not Zero, Overflow) and bit test operations. Status F/F 
affects conditional instructions (LPU, BR and CAL). These 
instructions are executed only when Status F/F is “1”. If it 
is “0”, these instructions are skipped and Status F/F becomes 


$642? 
. 


= INPUT/OUTPUT 
@ Discrete I/O (D Terminal) 

The discrete 1/0 is composed of 1-bit latch and I/O pin. 
Figure 13 shows the basic block diagram. 


Reset signal by reset function 


Set instruction 


Reset instruction 





Output latch Test 


Figure 13 Discrete I/O Block Diagram 
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Reset Signals by Reset Function 


Set instruction 
Reset instruction 


aoe > 


C) Do ~Dis 


Set instruction a > P 4 
Reset instruction iN “yy C) D14/xO 
Test ©) 
Set instruction > 
Overflow output ——o-s<.9 > 7 . ® - 
pulse from pre- : R Be D,;/XI 
scaler co @® bison 
(internal halt "0" iahiieeclails 7® 
release signal) Test ® 
Internal halt O--= 
signal © gal 
Halt signal 
¢ @ C External @ 
halt signal 


“Oo” 


5-bit frequency divider 


Clock for 1,024Hz 
pre-scaler +32 0 


Crystal oscillator 
for timer (32.768kHz) 


Figure 14 Mask Option of D,4 and D;; Terminals 


Do to D,3 are discrete 1/O’s of common for input and 
output, Dy, and D,s require a mask option in 3 types. 
When the crystal oscillation for timer is selected and the 
latches of Dig and D,s are not connected to the terminals, 
Dig and D,s can be used as 1-bit general purpose registers 
that can be set, reset and tested. Furthermore, if there is 
internal halt mode, latch of Dys is used as a register for 
internal halt mode specially. 


In such case, since D,s means internal halt state and D,; = 
“1” means operating state, LSI can be in internal halt state by 
resetting Dis using an instruction. The prescaler keeps its 
operation in internal halt state. Therefore, Dis may be set by 
overflow output pulse from the prescaler to return to operat- 
ing state. For details of internal halt mode, refer to HALT 
FUNCTION. 


Table 5 Mask Option of D,,/XO and D,./X! Terminals 


Mask Option 


Function of 
D,,/XO and D,;/XI 


Function of D,4/XO 
and D,5/Xt latch 





Unselectable crystal oscillation for 
timer (no internal hait) 


Selectable crystal 
oscillation for 
timer 


(NOTE) 


Discrete 1/O is addressed by Y register, and the set/reset 
instruction is executed for the addressed latch. “O” and “1” 
level can be tested with the addressed terminal and 1-bit register 
against the I/O common pins and 1!-bit register. The test is 
performed with the wired logic of the output latch and the pin 





with internal 
halt 
no internat halt 


Users can specify this mask option in ‘The format of |/O channels” at ROM order. 





discrete |/O 


(common terminal) Output Latch 


Dig; 1-bit register 
Dis; register for 
internal halt 


Crystal 
Circuit 
Connecting 
Terminal 


input. Therefore, in the case of the I/O common pins, the 
output latch should be in the high impedance state when the 
test instruction is executed. In order to test the pin input, it 
is necessary the state that the output latch should not affect 
the pin input. 
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One Instruction Cycle 


SED, RED SEDD, On Set/Reset 
REDD Instruc- Instruction 


He Dats pn ; oe 


Figure 15 Timing Chart of Discrete I/O 


Instruction 





TD Instruction [ 


On Sampling 
Pulse 





®@ Data 1/0 (R Terminal) 
4-bit register (data 1/O register) each is attached to an I/O 


Table 6 Data I/O for the LCD-IV common channel and output channel. No register is attached 
to input channel. Addressing to all channels is performed by 


R1, R2 (2 channels) programs (addressed by operands in instructions). 


Input channel RO (1 channel) Figure 16 shows the block diagram of each channel. 





Output channel R3 (1 channel) 





(NOTE) In addition to the above, R4, R5 and R6 are provided as 
register setting liquid crystal display mode. In these registers, 
there is no terminal and exists only data I/O register each, 
which controls liquid crystal display mode. Data is transferred 
to R4, R5 and R6 by LRA or LRB instruction, same as data 
transfer to data 1/O registers of R1, R2 and R3. For details of 
R4, R5 and R6, refer to LIQUID CRYSTAL DISPLAY. 











a Latch clock 
Display (Cu) 
ose Shift clock 
{CL,} 
Alternating 
input signal (M) 
erst 
' \ e+e 
1 93 —1—O 
ie Ros : aa 
To ‘ 2? 19 R 
A ! v 102 x ie 
.B hae RO Channel oan | Pom dG 
i R1 channel 
Register 1 2 +O Ran = == ii 
' ' 
' 2 ——_——O 
; : ee * C) Re 
w--4) 
r ‘ 
Set all bits to i H 
“1” by reset 1 t 
function. H 2 2) 2? 2) : nee 
Lew ee d 
To A and B register 
Gate for exchanging the output register a “qe 
signal and the display data signal according aa = 4 
to the content of Ra: date 1/0 register 
signal 
Ra = 0" 
Display data’ 
signal 
Output 
ROM pattern or data Sa 7 
Oo | ?— Oars 
' 
Os 2? OC 82 
i pane, R2 channel 
Or 2 O fs 
oe 2 O Rs 
' I 
Le t eons ca ae 
Set all bits to "1" Set ait bits to "1" ‘ 19393! 
by reset function. by reset function, L F2z2 ! 


To A and B register 


Figure 16 Data I/O Block Diagram 
196 





When expansion of segment signal for liquid crystal display 
is designated by a program (Register R42 =“0’’), R1 is used as 
a display data output terminal. This prohibits R1 to be used as 
an I/O common channel by users (Refer to Figure 16, Rl 
channel). 

If LRA or LRB instruction is executed at the time, data is 
transferred to data I/O register, but the content of data I/O 
register is not output from R1. If LAR or LBR instruction is 
executed, display data is inputted to accumulator (A register) or 
B register. 


Data is transferred from the accumulator (A register) and B 


One Instruction Cycle 








Rp Output 
LRA, LRB eS 
Instruction 
Pp 
instruction 
LAR, LBR 
Instruction 


Pattern os ——— cycle) 
Sa Instruction 
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register to data I/O registers R1, R2, and R3 through the bus 
line. In addition, ROM bit patterns can be transferred to R2 
and R3 by pattern generation instructions. 


4-bit data can be inputted to the accumulator (A register) 
and B register from RO, R1 and R2 channels by input instruc- 
tions. However, in the case of I/O common channels R2 and 
R3, since data I/O register outputs are connected to terminals, 
inputs are done to wired logic of register output and terminal 
input information. For this reason, to input terminal input 
signal, registers must be set to a state that would not affect 
the terminal input. 









Rp tnput ——— 


Rn Sampling Pulse 


Figure 17 Data I/O Timing Chart 


Pay attention: When executing an input instruction to 
output channel, the microcomputer reads unstabilized value 
causing malfunction of the program. 


1 Instruction Cycle 


When executing an input instruction (LAR and LBR) from 
the data 1/O, pay attention to time allowance after executing 
an output instruction. At the time, the input sampling pulse 
is generated during the first half of the instruction cycle. 





Dp SetReset 
Instruction 


Ry Input 
instruction 





Pay attention to time allowance in such system as an external circuit 
is operated by Dn to read the result from Rn. 


Applied Pins: INTy , INT; , Roo to Ros 





No Pull up MOS With Pull up MOS (PMOS) 
ahs Vec Ve, 
1/0 Enable——; ' ' ' 
pMOs 1/0 Enable | ae PMOS 
‘ ‘ : 
' ! : 
i] ' ' ? 
‘ P NMOS 
' eo i Input 
y ‘ ’ , circuit 
i] ‘ ‘ 
Cewen oud [ ra of ees J 


Figure 18 Configuration of input Pins 
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Applied Pins: Ra to R33 
No Pull up MOS CMOS output 


(Open Drain) Vv 


cc 
1/0 Enable 
1/0 Enable 
PMOS 
|¢ , RIMS NMOS 
Figure 19 Configuration of Output Pins 


Applied Pins: Do to D3, D,./xO, D,s/XI, Rio to Ris, Rao to R:3 









No Pull up MOS With Pull up MOS (PMOS) cmos 
{Open Drain) 
vec Vee vec 
| 110 —=t 4 
Wie} PMOS Enable | pmos Vcc 1/0 
Enable ' f Enable 
' PMOS | 
1 
' NMOS 
NMOS ' 
' 
benw-t 0 Lf ee =e NM 
NMOS NMOS Input Os 
ircui Circuit 
Input 
Circuit 
0 Enable VO Enable (NOTE) in case that CMOS is chosen, external 


input signal cannot be applied. 


Figure 20 Configuration of Input/Output Pins 


@ TIMER/COUNTER Discrete 1/O 


output latch 


7 xo 
Dis [a @ Os! 


beweaned 











Discrete 1/0 
output latch 


grr eees 





tnternal halt release 










signal (D,, output latch as /XI 
set signal) 
32.768kHz 
Crystal 
ata bus 1,024Hz circuit 







6 bit prescaler Z 
® 


° 
2 
a System Ctock 


{instruction frequency) 






Crystal 
Oscillator 


Interrupt 
request 


Figure 21 Timer/Counter Block Diagram 
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Timer/Counter Block Diagram is shown in Figure 21. 5-bit 
divider divides the crystal oscillation (32.768kHz) by 32 and 
generates clocks of 1,024Hz in the crystal oscillation mode. 
It does not stop in the halt state. Prescaler divides the system 
clock (instruction frequency) or 1,024Hz clock by 64 and 
generates overflow output pulse of “Instruction frequency/ 
64Hz” or 16Hz. In the crystal oscillation mode, it does not 
stop during halt state. The input of the 4-bit counter is over- 
flow output pulse of the prescaler or a pulse of INT: terminal. 
Input selection is determined by CF state. Data can be ex- 
changed between the counter and bus by LTI, LTA or LAT 
instruction, TF is a flip-flop which masks the interrupt of 
timer/counter. 

The timer is operable in 2 modes (timer mode and counter 
mode) depending on what to count, and the mode is selected 
by programs. 

@ Timer Mode 

The 4-bit counter counts prescaler overflow output pulses. 
One of the following two can be selected as the prescaler count 
clock by the mask option. 

1. System clock (Instruction frequency) 

2. 1,024Hz clock (Crystal oscillation for timer is selected.) ... 

Clock obtained by dividing the crystal oscillation (32.768kHz) 

for timer by 32. Crystal oscillator is constructed between D 


Internal halt state 


LSI 

state 

Oys output 
latch (internal 
halt register) 


Prescaler 
overflow output 
pulse (internal 
halt release 
signal) 


Operating state 


Operating state 
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terminals of Dy4 and D,;: 

Note 1) In this case, the overflow output pulses form the pre- 
scaler are 16Hz. These pulses are counted by the 4- 
bit counter to generate an interrupt from 16Hz to 1Hz. 
In this case, the part marked with in Figure 21 
Timer/Counter does not stop even in halt state. When 
using ‘internal halt mode” among the halt function, 
internal halt state is generated by resetting the register 
for internal halt mode (D latch: D,s) by an instruction 
(Dis = “0”: internal halt state, D,, = “1”: operating 
state), and all the operation stop. In this case, over- 
flow output pulses from the prescaler work as the 
Signals releasing the internal halt state and set the 
D,s output latch. Therefore, if an overflow output 
pulse from the prescaler is generated, internal halt 
state is released, and the LSI starts to operate. 

By utilizing this function, intermittent operation is 
possible, that is, program execution for necessary 
processing (for example, counting for clock function) 
starts after every 62.5 msec (16Hz) and the LSI stops 
after execution of this program by an instruction 
which makes the LSI into internal halt state. This 
reduces the time in which the LSI operates, resulting 
in power consumption in substance. 


Note 2) 


Internal halt state 





LY! 15 and RED instructions (These are used to reset D,, output latch 


and make the LSI internal halt state.) 


Figue 22 Set/Reset Operation Using Crystal Oscillator for Timer 


@ Counter Mode 
Counts pulse of INT, terminal. 
(Note) The width of INT, pulse in the counter mode must be 
at least 2-cycle time for both the “High” and “Low” 


levels. 
The relation between the specified value of the counter and 
specified time in the Timer Mode are shown in Table 7 and 8. 


Table 7 Timer Range (Prescaler clock: system clock) 





Salve ae 
0 | 108 | saad Oi Sidi SY 
1 | 60 =i odd 
a AY 
3 ase at dtd edt 
5 0.96 
6 a0 20 te 
7 | 578 «d set Ste 


* Time is based on instruction frequency 200kHz. 
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(One Instruction Cycle Time (Tingt) = Sus) 


LCD-IV 


Table 8 Timer Range (Prescaler clock: 1,024 Hz) 


ie OO ee Oe 
a 7 
TE SN SSE AE ST A NN EAT ETT 
SS 
2 
A (RES KEY (AAT SR TT 
A = 


* Time is based on crystal oscillation for timer 32.768 kHz. 


@ INTERRUPT 

There are interrupt caused by the timer/counter or the in- 
puts. Each interrupt cause has the interrupt request F/F and 
the request is latched into this flip-flop when it is generated. 
If an interrupt can be accepted, the interrupt is generated. 


It is controlled by Interrupt Enable F/F (1/E F/F) whether 
an interrupt can be accepted or not. 

Figure 23 shows the interrupt block diagram and Figure 24 
shows the interrupt timing chart. 









TIFO 
\ To Status F/F 
we To Status F/F ES 
Leading Pulse W/E 
INT 0 Pope y oo ee 5 
OV |) ) o-9 eB , rail SEIE 
ce ° ! 
—“~ afr SEIFO > 
2 i REIE | 
> iD ) pa REIFO 
| ' 
t eae 3 To Timer/Counter (Refer to Figure 21) WRI 4 
To 
ba Status F/F THEI] To Status F/F FS) Da URI 
Leading Pulse a 
INT, (_) > O i) r> ; (peat acta artis RETRY a 
nati ; Be > 
0 Lo) pa SEIF1 )O—d J pa INT 
iT) ( ' REIF1 interrupt 
\ ‘ Request 
' from Timer/ 
2 Sccssces Counter (Interrupt 
(Refer to Figure 21) Mask Signal) 
URT 
(FO, 1F1 : Set has priority over Reset. 


O F/F (Detayed by One Instruction Cycle) 





Figure 23 Interrupt Circuit Block Diagram 


The status is unchanged. (The interrupt is different from 
generat CAL in regard to this matter.) 

Stacking of registers is performed by the program. Returning 
from the interrupt routine is performed in the same way as that 
from normal subroutine. But it is convenient to use RTNI (Re- 
tum Interrupt) which sets the I/E simultaneously with RTN. 

An interrupt is generated irrespectively of the condition of 
stack registers, so enough stack registers are needed. 

TF, IFO, or IF1 is flip-flop where the set has priority over 
the reset. It is not reset when the reset instruction is issued 
simultaneously with OVF of the timer/counter or the leading 


nN 


edge of the input, though the interrupt request is generated 
and latched into I/RI or I/RT. 

The interrupt processing caused by the interrupt generation 
is basically the subroutine jump and the jumping location in 
memory is fixed as: 

Interrupt of the timer/counter 

Bank 0 0 page 3F address (00—3F) 

Interrupt of the inputs 

Bank 0 1 page 3F address (01—3F) 

In addition, 

The saving operation of PC > ST1 > ST2 > ST3 > ST4. 


00 





I/E reset 


@ Interrupt of the Inputs 

Two pins INT and INT, have the interrupt request func- 
tions. They have the leading pulse generation circuit and the 
interrupt mask F/F (IFO, IF1). When IFO or IF1 is reset, the 
interrupt request is able to generate interrupt mask release. 
When INT, or INT, changes from “0” to “1” (““Low” level > 
“High” level), the leading pulse is generated and generates the 
interrupt request. Then IFO or IF1 is set, the interrupt is 
masked. 

The interrupt request generated by the leading pulse is 
latched in the interrupt request F/F on the input side (I/RI). 
If interrupt Enable F/F (I/E) is “1”, the interrupt is generated 
immediately and I/RI is reset. But if Interrupt Enable F/F 
(I/E) is “0”, I/RI is held at “1” level until it gets into the 


One Instruc- 
tion Cycle 















Timer/Counter- 
Prescaler 
PC 


Execution 
Instruction 


Timer/OVF 
TF 


/RT 


INT 


VE 
| Input Interrupt Interrupt 


PC 


Execution 
Instruction 


INT, Input 


Leading 
Pulse 


IFO 


/RI 


INT 


i/E 
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Interrupt Enable state. 

IFO, IF1, INTp and INT, can be tested by the program. 
Therefore, they can also be used as normal input terminals 
or latch terminals of momentary pulse input. 

The interrupt pulse width (at both “High” and “Low” 
levels) should be more than two-cycle. 


© Interrupt of the Timer/Counter 

The interrupt request of the timer/counter is latched into 
the interrupt request F/F of the timer (I/RT). Then I/RT 
operates in the same way as I/RI, but the interrupt of the 
input has priority over that of the timer. Therefore, the input 
interrupt is processed when both of I/RI and I/RT are at “1” 
level (interrupt requests are simultaneously generated). During 
the input interrupt, I/RT remains set. Thus, after the input 
interrupt, the timer/counter interrupt can be processed. 


pa 

= 

oT eT a — —— —— 

in Address | lin Address cee in Address |in Address pjin Address q 
a — 


Figure 24 Interrupt Timing Chart 
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@ LIQUID CRYSTAL DISPLAY 


@ Liquid Crystal Display Circuit 
The LCD-IV can directly drive the liquid crystal display 
panel of static, 1/2 duty factor, 1/3 duty factor and 1/4 duty 


factor. 














Rso, Rss Rao, Rea Reo X,Y 

— 
iy 

B a 

ar 7) 

a z 
> 

2 a 

vd 

> 

< 

-! 

& DISPLAY 

ra} COUNTER & 
CONTROL 






CIRCUIT 











LATCH CLOCK 
COMMON DATA 


LCD DRIVER 
z CIRCUIT 
| 


ALTERNATING es 
| | 


SIGNAL (M) 


COM: 
COM: 
COMs3 
COMs 
SEG: 


ADDRESSING 


SERIAL DATA 


32-BIT SHIFT REGISTER 
32-BIT LATCH 


SEG2 


The LCD-IV has 4 common signal terminals and 32 seg- 
ment signal terminals. Further, if liquid crystal driver LSI 
(HD44100H) is connected to the LCD-IV, up to 96 segment 
signal terminals can be extended externally. Thus, in addition 
to the internal 32 terminals, total 128 segment signal terminals 
can be driven. 


$1BUS S2BUS 






PY 
> 
= 












O SERIAL Pree DATA 
D 


i SEGMENT DATA 


SEGz © 


Figure 25 Liquid Crystal Display Circuit Block Diagram 


Display is automatically executed by writing segment data 
into RAM for LCD. The RAM reads segment data bit by bit 
sequentially every one instruction cycle upon receiving address 
signal from the display counter and the control circuit. Every 
time common signal is scanned, the RAM reads 128-segment 
data (SEG, to SEGi2s), which is correspond to common signal 
selected at the next time. Scan of common signal is executed 
every 256-instruction cycle. Therefore, the data which is cor- 
respond to 128-segment is read twice at the same time. The 
serial data read is converted to parallel data by the shift register 
and latch, converted to LCD drive signal by the liquid crystal 


driver and the outputted from a segment terminal. 32-segment 
(SEG: to SEG32) out of 128-segment serial data is used within 
the LCD-IV, and the rest (96-segment) is outputted to liquid 
crystal driver LSI HD44100H which is connected to the LCD- 
IV and is converted to LCD drive signal in the HD44100H at 
the time of designation of with liquid crystal segment output 
extension. Cycle of the latch clock is 256-instruction cycle in 
the LCD-IV. In the case of dynamic drive, data at the common 
side changes synchronously with the latch clock. These display 
operations are all executed regardless of program. 
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Ri 


Channel 


Ris 
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fe 256 Instruction Cycle —__________# 


One Instruction Cycle 


Display Date pg 


Data (DI SEGuYXSEGuY SEGuYISECYSEG SEG. fSEGn XSEGuY JSEGYSEG.AASEG,KKSEG{SEGaLSEGuASEGn 
External Shift | | | | 
Clock (CL, ) 


External Latch 
Clock (CL, ) 








Alternating 
Signal (M) 








Figure 26 Display Data Timing Chart 
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COM, 
1/3 Duty f 1 Frame 1 





One Instruction Cycle 








Serial Data 


Shift Clock 


Shift Resister 


Latch Clock 


Segment Data 
256 Instruction cycle 








Static 
COM, 
COM, All outputs are available 
because of the same 
COM; waveform outputs 





1/2 Duty 1 Frame 


Common 
Symbol! Both groups 
COM, oS Le an are available 


because of 
the same 
COMs Lo Lo Ly Lo waveform 
Common outputs 
Symbol 


COM, Se ee Le 

Common 
COM | rr err | ..| svmbot 
COM; =e) | 


COM, 
1/4 Duty 1 Frame 


com 7] er] 
0, ee] ee eee 


Common 


COM, | Or Syreel 


COM, 
1 Frame 


Figure 27 Liquid Crystal Display Circuit Timing Chart 
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@ Liquid Crystal Display Mode Setting Registers 
For selection of the liquid crystal display mode, data I/O registers of R4, RS and R6 are used. 


Table 9 Function of Liquid Crystal Display Mode Setting Registers 


1/4 duty 


To be extended (Outputs display data from Channel R1) 
Not to be extended (Channel R1 becomes an ordinary 4-bit data 1/O.) 


Liquid crystal display blanking Se eae Outputs RAM data for liquid crystal display as segment signals. 


signal (Reo) Segment signals become non-selection status (blanking) regardless of RAM 
data for liquid crystal display. 
crystal display (Rso, Rs: ) Function varies with liquid crystal display duty factor. 


Selection of Pej Re | Ra | Ro | Function 
ree, at 8 | 0 =) Dorstetinthissate 


PR Re. 
as Ta 
ee 
oe ie 













Designation of with or without 
liquid crystal segment output 
extension (Raz) 






and oscillation With crystal for timer, with internal halt, XI, XO 
circuit for 





1/O state 
at halt 


(NOTE) Liquid crystal display mode at resetting. 
Since all bits of registers R4, R5 and R6 are set to ‘'1"’ by the reset function, display mode after resetting becomes as shown below: 
Liquid crystal display duty factor: 1/4 duty (Rao = 1°’, Rar =°°1"") 
Liquid crystal! segment output extension: Not extended (Raz = “’1"') 
Designation of liquid crystal display blanking: Dispiay blanking (Reo = ‘’1"’) 
Designation of RAM for liquid crystal display: Varies correspond to each liquid crystal display duty factor. (Rso = "1", Rs: = 1") 
Designation of crystal for timer and internal halt: With crystal for timer, without internal halt (Re: = ‘1°’, Reo = ‘'1"'). 
1/O state at halt: 1/O state at halt becomes disable (R.3 = 1"). 
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© Relation between Display RAM and Segment Data 

In the LCD-IV, 4 types of display duty factor (static, 1/2 
duty, 1/3 duty, and 1/4 duty) can be selected by programs, 
and correspondence between RAM bits and segment data 
changes according to these duty factors. 
GE shows segment signal output from the LCD-IV. 


































































RAM Address RAM 
x 
i SEG3s | SEGa« 
ahs 

SEG39 | SEG3e | SEG37 

SEGa3 | SEGa2 | SEGa1 

1 SEGa7 | SEGae | SEGas 

12 SEGs1 | SEGso | SEGas 

13 |SEGse |SEGss | SEGsa | SEGs3 

14 |SEGeo | SEGso9 | SEGse | SEGs7 

a —~+- 

15 |SEGes | SEGes | SEGe2 | SEGe1 

y y 0 | SEGes | SEGe7 | SEGee | SEGes 
SEG72 | SEG71 | SEG70 | SEGes 

SEG7s | SEG74 | SEG73 

SEG78 | SEG77 





SEGea | SEGe3 | SEGaz2 | SEGa1 
SEGes | SEGe7 | SEGae | SEGas 


SEGo2 | SEGg: | SEGoo | SEGes 
SEGoe | SEGos | SEGo« | SEGos 
SEG 100] SEGo9 | SEGoe | SEGo97 


SEG 104] SEG 103] SEG 102} SEGi01 
SEG 108] SEG 107| SEG 106| SEG105 
SEG 112] SEG 311] SEG110) SEG 109 

12 | SEGi16| SEG 115] SEGi14} SEGi13 
13 _{SEGi20 SEG119| SEGi8 SEGi17 
SEG 124] SEG 123] SEG322| SEGi21 
SEG 120] SEG127| SEGr26| SEGi25 


[Reo o}4 tS 1 (NOTE) The SEGs3 to SEGias are 
O° {29 | extended segments. 












































































Figure 28 Relation between RAM for LCD & 
Segment Data (Static) 
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olm 
_ 
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Be RAM Address 
x 















0 SEG3e6 SEGss | SEGs« SEG33 
1 SEG36 |SEG3s | SEG34 | SEG33 +- COM2 
2 |SEGao |SEG39 | SEG3e | SEG37 |- COM, 
SEGao |SEGa9 | SEGae | SEGa7 | COM2 
SEGaq4 | SEGa3 | SEGa2 | SEGa1 | COM, 


5 SEGaa | SEGa3 | SEGa2 | SEGa1 — COM2 
6 SEGas |SEGa7 | SEGag | SEGas L.com, 
7 
8 



































SEGas |SEGa7 |SEGas | SEGas ~- COM2 
SEGs2 [oeash (Score SEGag - COM, 
9 SEGs2 | SEGs1 | SEGso | SEGag COM2 
10 |SEGse }SEGss | SEGsq | SEGs3 LE. 

11 |SEGs6 | SEGss SEGsa |SEGs3 +- COM2 

12 |SEGe6o | SEGs9 | SEGse | SEGs7 F COM, 
13  |SEGe6o | SEGs9 | SEGse | SEGs7 }- COM2 

















SEGes 


SEG72 | SEG71 | SEG7o0 | SEGeg |- COM, 

SEG72 | SEG71 SEG7o0 | SEGes | CoM, 
SEG76 |SEG75 | SEG74 | SEG73 +- COM, 
[SEG76 |SEG75 |SEG7« |SEG7s 1 COM: 
SEGgo | SEG79 | SEG7g | SEG77 |+- COM, 
SEGao | SEG79 |SEG7e | SEG77 }- COM2 
SEGea |SEGas | SEGa2 | SEGe: L-COM; 
9 SEGe4 |SEGa3 | SEGg2 | SEGe1 }- COM2 
10 |SEGse |SEGs7 |SEGas | SEGas + COM, 
11 [SEGes |SEGs7 |SEGac |[SEGes -- COM2 
12 |SEGo2 |SEGar |SEGsao | SEGss -- COM, 
13  |SEGo2 |SEGo: | SEGgo | SEGsg | COM2 
14 |SEGos |SEGgs |SEGos |SEGo3 }- COM, 
15 |SEGes |SEGes |SEGoa | SEGea -- COM2 





WN] = 

















CON; DM) a] & 


























SEG100| SEGoo | SEGos | SEGa7 — COM; 
SEG100| SEGae | SEGos | SEGo7 — COM2 
_|SEG104| SEGro3 SEGi02 SEGi01/~ COM, 
SEG104| SEG103) SEG 102) SEGi01-~ COM2 
| SEG108; SEG107| SEGi06 SEGi05;-— COM, 
SEG108| SEG107| SEG106| SEG105-- COM2 
SEG112| SEGi11| SEG: 10| SEGio9-— COM, 
SEGi12 SEGini SEG 110] SEGi1091— COM2 
SEG116| SEGi15| SEG1 14] SEGi13-- COM 
SEG116; SEGi15| SEG 14) SEGi13+- COM2 
SEG120) SEG119| SEG1 18} SEGi17/- COM; 
11. | SEG120| SEGi19] SEGi 18) SEGi17+- COM2 
SEG123| SEG122 SEGi21-— COM 
13 | SEGi24| SEG123) SEGi22/ SEGi2i1+- COM2 
14 | SEGi28| SEG127| SEGi26| SEG:2s-—- COM; 
15 | SEGi28 SEGi29| SEGi26 




















T 


| ©} | 1] @} a] BI ! ] FO 








































































Figure 29 Relation between RAM for LCD & 


Segment 


Data (1/2 Duty, 1/2 Bias) 







































































































































































































































































































































































RAM Address RAM RAM Address RAM 
[p= x X Y | 2 2? 2! 2° 
rn 7 i) SEGes |SEGes | SEGes 
r 4 SEGee |SEGes | SEGes 
> ae a SEGe7 | SEGe7 | SEGe7 
3 SEGea [SEGes | SEGes | 
4 —“TSEGeo SEGe9 | SEGeo 
5 SEG7o0 | SEG70 | SEG70 
6 SEG7i |SEG71 | SEG71 | 
6 4 2 0 2 0 4 7 SEG72 |SEG72 | SEG72 
8 SEG73 | SEG73 | SEG73 
9 SEG74 | SEG74 | SEG74 
10 SEG7s5 |SEG75 | SEG75 
11 SEG76 | SEG76 | SEG75 
12 SEG77 |SEG77 | SEG77 
13 SEG78 | SEG7s | SEG7g 
14 SEG79 | SEG79 | SEG79 
15 SEGso | SEGgo | SEGso 
T 0 SEGs1 |SEGe: |SEGa: 
r ee 
1 SEGg2 | SEGa2 | SEGa2 
2 SEGe3 | SEGea SEGs3 
3 SEGaa |SEGes | SEGea 
4 SEGes | SEGes SEGes | 
5 SEGge |SEGee | SEGa6 
6 SEGa7 | SEGs7 | SEGe7 
7 | SEGes |SEGee | SEGes 
P| oP sis Shed 5 [8 | ___[SEGe0 |SEGee | SEGeo 
Q SEGs0 | SEGao | SEGoo | 
10 SEGg1 |SEGo1 | SEGao: 
11 SEGg2 | SEGg2 | SEGg2 
SEGoa | SEGos | SEGos 
SEGo4 
SEG33 | SEG33 | SEG33 

SEGae | SEGae| SEG2«| 
SEG35 | SEGas | SEG3s 2 SEGg9 | SEGg9 | SEGa9 
SEG36 | SEG36 | SEG36 3 SEG 100] SEG 100) SEG100 
SEG37 | SEG37 | SEG37 4 SEGio1 SEG101/ SEGi01 
| SEGas | SEG3s | SEGze 5 [SEG102| SEG 102| SEG 102 
SEG39 | SEG39 | SEG39 6 SEG 103] SEG 103) SEG 103) 
elt es SEG«o | SEGao | SEGso Pipe aallea® ‘[SEG104] SEG 104) SEG 104) 
SEGa; SEGa, SEGai 8 SEGi0s] SEGi05' SEGio0s 
SEGa2| SEGa2| SEGa2 9 SEG 106| SEG106| SEGi06 
T'SEGaa SEGa3 SEGa3 | 10 SEGi07 SEG 107] SEG107 
SEGaa | SEGag | SEGaa | 11 SEG 108| SEG108| SEG 108 
SEGas | SEGas | SEGas 12 [SEG 109| SEG 109| SEG 109] 
SEGas | SEGas | SEGas 13 [SEG 19] SEG101 SEG 110 
SEGa7 | SEGa7 | SEGa7 14 SEGi13| SEGi11| SEGin1 
SEGas | SEGas | SEGas 45 SEG 112] SEG112| SEGi12 
SEGag | SEGag | SEGa9 Oo” SEG113| SEGi13| SEG113 
1 SEGs0! SEGs0 | SEGso 1 SEG114) SEGi 14) SEGiig 
L 2 SEGs: SEGs; SEGsi 2 SEG115, SEGiis SEGi15) 
3 ah | SEGs2| SEGs2| SEGs2 3 SEG116 SEGi16| SEGiie 
4 | SEGs3| SEGs3| SEGs3 4 SEG117| SEG117| SEG117 
5 SEGs« | SEGsa | SEGsa 5 SEG119| SEG 118! SEGi18 
6 SEGss | SEGss | SEGss 6 SEGi19) SEGi19| SEGi19 
5 7 F 3 7 | SEGse SEGse | SEGse 1 3 7 7 [ SEG320| SEG120) SEG120 
8 SEGs7 | SEGs7 | SEGs7 8 L SEG121) SEGi21 SEGi21 
9 SEGss| SEGss | SEGss 9 SEG 122| SEG122| SEG122 
10 | SEGso | SEGs9 | SEGs9 10 | SEG123| SEG123| SEG123 
11 SEGe0| SEGeo | SEGeo 11 SEG 124, SEG 124) SEG 124) 
12 SEGe1 | SEGer SEGei 12 i SEGi25| SEGi25) SEGi25, 
13 SEGe2| SEGe2! SEGe2 13 SEG 126 SEG126| SEG126 
4 =! SEGe3| SEGes | SEGe3 14 SEG 127| SEGi27| SEG127! 
15 SEGea | SEGoa | SEGea | | 15 [SEG1 26 SEG129| SEG 128 

Rso| O | 1 0 1 | Rso | O 1 1 | | 
Rs: 0 ie) Vy 1 COM3 COM2 COM, Rei 0 a 0 1 COM3 COM2 COM; 
Figure 30 Relation between RAM for LCD & Segment Data (1/3 Duty, 1/3 Bias) 
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LCD-IV 


LCD-IV 










































































































































































































































































RAM Address RAM Address RAM 

a ae a a Se ee 
O  |SEGes | SEGes | SEGes | SEGes | 
1 SEGee | SEGes | SEGee | SEGee 

2] 8kGer [SEGer | SEGer [SEH 

3] S€Gos | SEGee |SEGoe [SEGes 

4 |SEGeg | SEGeo | SEGes | SEGeg 
[5 ]SEGro [SEGr0 | SEGro | SEG | 

; SEG72 | SEG72 | SEG72 | SEG 

72 72 

ie eal Bc 0 | & | 4 |e TsEGrs [SEGrs [SEG7s |SEG7s 
9 |SEG74 | SEG74 | SEG74 | SEG74 

| 10 [S€Grs |SEG7s | SEG7s [ SEG7s 

| 11 [SEGz6 [SEG7e | SEG76 | SEG76 

12 |SEG77 | SEG77 | SEG77 | SEG77 

13 |SEG7s | SEG7g | SEG7a | SEG78 

14 | SEG79 | SEG79 | SEG79 | SEG79 
15 |SEGgo | SEGgo | SEGgo | SEGeo 

fe) |SEGs: | SEGar SEGai | SEGa: 

i Seer |SEGex |SEGer |SEGe2 

2 _[SEGes |SEGes | SEGas | SEGes 
3 SEGsq | SEGaa | SEGaa | SEGaa 

4 |SEGes | SEGes | SEGas | SEGes 
5 |SEGge | SEGee | SEGee | SEGee 

6 |SEGe7 | SEGs7 | SEGs7 | SEGs7 

7 SEGes | SEGas | SEGas | SEGss 

PB Spd 1 | 7 | © | @_]s€Gs0 [SEGse |SEGso |SEGee 
9 SEGao0 | SEGgo | SEGgo | SEGa0 

10 |SEGo; |SEGg1 | SEGg: | SEGo; 
"11 | SEGe2 SEGo2 SEGo2 | SEGo2 | 
12 |SEGoe3 | SEGg3 | SEGo3 SEGo3 | 

13 | SEGsg4 | SEGoq | SEGo4 | SEGoa 

14 |SEGos5 |SEGgs | SEGgs | SEGo5 

se 15 a 15 |SEGoe |SEGos | SEGos | SEGoe 
| 0 | SEGs3| SEGas| SEGss |__0 | SEGs7 |SEGo7 | SEGs7 [SEGs: | 
[1 SEG34| SEG3a| SEG3q} SEG3a 1 SEGoa | SEGog | SEGos SEGoe | 
2 SEG3s | SEG3s5 | SEG3s5 | SEG3s 2 SEGoe | SEGg9 | SEGgo | SEGog 
3 SEGae | SEG36 | SEG36 | SEG36 3 | SEG 100) SEG 100] SEG 100; SEG100 
4 SEG37| SEG37 | SEG37 | SEG37 4 | SEG101| SEGi01| SEG101; SEGio1 
5 SEG3s| SEG3e|} SEG3s} SEG3s 5 SEG 102] SEG102| SEG 102 SEG 102 
[6 | SEGs9| SEGas | SEGs9 SEG20| 6 | SEG103| SEG 103, SEG 103| SEG 103| 
r 6 0 ral 7 SEGao | SEGao | SEGao | SEG«o 2 rT 6 7 | SEG104] SEG104| SEG 104) SEG 104, 
8 SEGa,| SEGa: SEG! SEGai 8 {SEG 05) SEG 105] SEG 105] SEG 105 
9 SEGa2| SEGa2 SEGa2 | SEGa2 9 | SEGto6 SEG ioe! SEG 106 SEG 106) 
10 | SEGs3| SEGa3 SEGa3 | SEGa3 10 | SEG107| SEG 07; SEG107| SEG 107 
11 | SEGaa| SEGas | SEGaa| SEGaa 11 [SEG108| SEG108| SEG 108 SEG 108) 
12 | SEGas| SEGas| SEGas | SEGas 12 _{SEGr09 SEG 109| SEG 109} SEG 109 
| 13 SEGae | SEGas SEGas | SEGa6 | 13 |SEG110| SEGi19) SEG110| SEGi10 
14 | SEGa7| SEGa7 | SEGa7 | SEGa7 14 | SEGi11/ SEG i941) SEG111/ SEGi iy 
15 | SEGas SEGas | SEGag | SEGas 15 |SEGii2 SEG112| SEGi12) SEGi12 
° SEGag| SEGag| SEGa9| SEGao O = | SEGi13| SEG113; SEG113| SEGi13 
1 SEGso| SEGso|} SEGso SEGs0 | 1 SEG 114] SEG114| SEGi 14) SEGi14 
2 SEGs: | SEGs: | SEGs1; SEGs: 2 SEGi15| SEGi15| SEGi15| SEGi15 
"3 _| SEGs2| SEGs2| SEGs2| SEGsz| 3 | SEG116| SEG 116| SEG 116 SEGii6 
4 | SEGs3| SEGs3| SEGs3| SEGs3 4 [SEGi17| SEG117| SEG 117] SEG 117 
5 SEGsa |} SEGs4| SEGs4 | SEGsa 5 | SEGi1g| SEGi18| SEGi19| SEGi18 
6 6 | SEGi19| SEGi19| SEGy19| SEGii9 
5 7 1 3 7 3 6 7 | 7 | SEG120| SEG120| SEG 120] SEG120 
8 SEGs? SEGs7| SEGs7 | SEGs7 8 | SEG121| SEGi21| SEGi21| SEGi2; 
9 SEGse| SEGss| SEGss| SEGse 9 | SEG122| SEG122| SEG122| SEG 22 
10 | SEGso SEGse| SEGso SEGs9 10 | SEG123] SEG123| SEG123; SEGi23 
11 SEGe6o | SEGeo|} SEGeo| SEGeo 11 SEG 124] SEG 124] SEG124| SEGi24 
12. | SEGe:| SEGe: | SEGe: SEGe: | 12 | SEGi25| SEGi25} SEGi2s| SEGi25 
13 | SEGe2| SEGe2; SEGe2 | SEGe2 13 | SEGi26| SEG126| SEG 126; SEGi26 
14 | SEGe3} SEGe3| SEGes | SEGe3 14 | SEG127| SEG127| SEG127| SEGi27/ 
15 | SEGea| SEGes | SEGe4 | SEGes 15 | SEGi28| SEGi28; SEGi28| SEG126) 

Rol 0; 1{| 0; 7 | | oj;1t{joj|i | 
Rsij O | O} 1 | 1 COMs COM3 COM2 COM: | Rs:/ O | O | 1 [| 1 COMs COM3 COMz COM: 
Figure 31 Relation between RAM for LCD & Segment Data (1/4 Duty, 1/3 Bias) 
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LCD-IV 









a, 4 Digits 
kQ 


! 
at bf with Symbols mV 







Vcc 


Vico 


(Static) 







Ee CI ; 8 Digits 
(1/2 duty, 1/2 bias) 


v M [-] 10 Digits 


-< E CJ. with symbols 





{1/3 duty, 1/3 bias) 


Vcc 


4 
= B 16 Digits LCD 


(1/4 duty, 1/3 bias) 


Vico 


Figure 32 LCD Wiring Samples 
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LCD-1V 


@ Extension of Display Function 

Number of display digits can be increased by externally con- 
necting an LCD driver LSI HD44100H to the LCD-IV. 

The HD44100H consists of shift registers and latch and 
liquid crystal drive circuit. When connected with the LCD-IV, 
the HD44100H is used as a circuit for segment. In the LCD- 





1 Instruction Cycle 


R, . Display 
Channel Data 


IV, display data for 128 segments is sent to the 32-bit shift 
register from RAM constantly. When Raz is set to “0”, the R1 
channel outputs the 32nd stage output D of the shift register, 
shift clock CL2, latch clock CLi and AC signal M. Therefore, 
up to 96 segment terminals from SEGs3 to SEGi2s can be 
added by directly connecting the HD44100H. 





256-Instruction Cycles 


pt pt $$ $i tig i fp  —_—_ + —— 


S€Gu X SECs} SEGn f))SEG.XSEGin BEGinflX SEG, f SeGn X [SEGA SEG SEG. AX SEG SEGn J5EC 


Serial Segment 
Data(C) 


R13 


External Shift Clock 
R11 (CL2) 


External Latch Clock 


R12 (CL1) 
Alternating 
BB Signal (M) 


ws RESET FUNCTION 
The reset is performed by setting the RESET pin to 
(“High” level) and the LCD-IV gets into operation by setting 
it to “0” (“‘Low” level). 
Internal state of the LCD-IV are specified as follows by the 
reset function. 
e Program Counter (PC) is set to Bank | 63 Page 3F Address. 
IR/I, IR/T, I/E and CF are reset to “0”. 
IFO, IF1 and TF are set to “1”. 
Data I/O Registers and Discrete I/O Latches (R1, R2, R3, 
Do to D,s) are all set to “1”. 
Bank Register Ro is set to (Jumps to Bank 0 by execu- 
tion of LPU instruction after the reset). 
Liquid Crystal Display ..... all bits of display mode setting 
register (Data I/O Register) R4, RS, R6 are set to “1”. 
(Note) All the other logic blocks (the Stack Registers, the 
Status F/F, the accumulator, the Carry F/F, the 
registers, the Timer/Counter, RAM) are not cleared 
by the reset function. 


“oy” 


e 
e 
e 
oy 


8 HALT FUNCTION 

The LCD-IV is provided with halt function. The halt func- 
tion reduces power consumption in the halt state by tempo- 
rarily stopping all status including RAM. When halt is released, 
operation restarts from the state before the halt. 

HALT state is kept 16-instruction after receiving halt releas- 
ing signal. (Internal, External) 

The user can select one of the following I/O status at the 
time of halt based on the “MASK OPTION LIST” when 
ordering ROM: 

i) All I/O status is kept as the state immediately before 

the halt. 

ii) All I/O status is held in the high impedance state (both 

PMOS and NMOS are off, and pull-up MOS is off). 

There are the following two types of halt: 

1) External! Halt (Halt state generated by using HLT terminal) 
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es | sj] Ewe] Bere el me en De Ms CF 
ee! | eee ee ee eee ae eee ee ae 
es ic ee earners 


All operations stop when the HLT terminal is set to the 
“0” level (Low). When the HLT terminal is set to the 
“1” level (High), operation restarts from the state im- 
mediately before the halt. 

2) Internal Halt (Halt state generated by programs) 
The user can select availability of internal halt at the time 
of ROM order based on the “MASK OPTION LIST”. 
When internal halt is selected, timer crystal must be at- 
tached externally. Therefore, the Dis/XO and Dis/XI 
terminals should not be used as general 1/O’s, but as XO 
and XI terminals for connecting crystal oscillator. 
Resetting of the D,s latch by RED instruction generates 
internal halt state. Return from internal halt is effected 
by overflow signals of the prescaler. 16Hz overflow 
signals are output from the prescaler if a crystal oscil- 
lator of 32.768kHz is connected to the Die/XO and 
D,s/XI terminals. When an overflow signal is issued, the 
Dis latch is set to “1” from “0”, the LCD-IV returns 
from halt state, adds | to the timer register, and execution 
restarts from the instruction next to the RED instruc- 
tion, 
Note that external halt caused by the HLT terminal 
cannot be released by prescaler overflow signals. 





(Caution at the halt time) 


When the LCD-IV goes into halt state, segment terminals 
(SEG, to SEG) and common terminals (COM, to 
COM,) become the same potential and display goes out. 
However, in order to reduce power consumption during 
halt, disconnect the voltage applied to liquid crystal 
power supply V3. Since there are dividing resistors among 
V,, V2, and V3, current of up to SOzA flows if voltage is 
applied between Vcc and V3; in the same way as normal 
operation. 











LYI 15 
LY} QO 
TO 

BR 4 


LCD-IV 


Becomes halt state after executing RED 
instruction and the halt is maintained 
until a prescaler overflow signal is issued. 


The LCD-tV returns from hait state by a pre- 


from LYj instruction. With this program, 


i} 
: scaler overflow signal and operation restarts 
t 
1 
t 


unless the Do terminal is set to 0", internal 
halt state occurs repeatedly. 


Figure 33 Program example in the internal Halt Mode 


Program frre 
county eB K Ss a 


ROM 
Address 


ROM n+ 


Halt Signal eee eee 
Prescaler 
Overflow 
Signal 





Figure 34 


= CRYSTAL OSCILLATION CIRCUIT FOR TIMER 
The user can specify by the “MASK OPTION LIST” 

whether or not the timer crystal should be externally 

attached. By externally attaching a crystal oscillator of 


Rd GQ 








[ 


LCD-iV C, 
32.768kHz 


Ds /XI 


16 Instructions 






internal Halt Timing Chart 


32.768kHz to the Dia/XO and Dis/XI terminals, maxi- 
mum 1 second of timer interruption cycle is possible 
setting the prescaler clock to 1,024Hz. 


(NOTE) 

The crystal oscillator, resistor R, Rd and load 
capacitor C; and C; should be placed as close 
as possible to the LCD-IV. Induction of ex- 
ternal noise to D,,/XO and D,5/XI may 
disturb normal oscillation. 

This circuit is the example of the typical use. 
As the oscillation characteristics is not guar- 
anteed, please consider and examine the 
circuit constants carefully on your application. 


Figure 35 Crystal Oscillator Circuit 


Dig, Dis (XO, XI) 
terminals 


With or without 


Halt state timer crystal 


Function 





Terminals for attaching 
crystal. Cannot be used 
as general I/O. 


Externally attached 
crystal (32.768 kHz) 


External halt 


Prescaler clock is set to 1,024 Hz and the over- 
flow signal to 16 Hz. Up to 1 second can be set 
as the timer interruption cycle. 





(Without crystal) 


External halt Internal clock of LSI 


Used as generat I/O 





Terminals for attaching 
crystal. Cannot be used 
as general |/O. 


internal and 
external halt 


Externally attached 
crystal (32.768 kHz) 
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The prescaler clock becomes 100 kHz type, 
and the timer interruption cycle can be set to 
maximum 97.66 Hz. 


Prescaler clock is set to 1,024 Hz and the over- 
flow signal to 16 Hz. This signal performs the 
LCD-IV return from internal halt. 

(Return from external halt is not possible by the 
prescaler overflow signal.) 


LCD-IV 


= MASK OPTION 
The following type mask option is available. 


@ 1/O Terminal Format........ Selectone of A, B or C. 
A: Without pull-up MOS 
B: With pull-up MOS 
C: CMOS output 
(Note) External input is not permitted if CMOS output is 
selected in the case of I/O common terminals. 
@ 1/O Status in the Halt State. . . . Select Enable or Disable. 
Enable —- Output .. . . Maintained in the status before halt. 
Pull-up MOS ...ON 
Input . . . Unrelated to halt state 
(Since Pull-up MOS is ON, if halt state occurs 
when output is “0” (Low) level (NMOS; ON), pull- 
up MOS current always flows. If input changes, 
transient current flows through the input circuit. 
Also, current flows through the input pull-up 
MOS. These currents are added to standby power 
supply current (or halt current).) 


Disable-- Output .. . NMOS output; OFF 
CMOS output; High impedance 
(NMOS, PMOS; OFF) 
Pull-up MOS ... OFF 
Input . .. Input circuit; OFF 
(Both input and output become high impedance 
state. Since the input circuit is turned off, input 
change does not cause current other than the 
standby power supply current or halt current.) 
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@ With or without externally attached Timer Crystal 

Without timer crystal... 
The D4 and D,s can be used as general I/O terminals. 
Select one of A, B or C in the D,4/D,5 column of the 
I/O format specifications. 

With timer crystal... 
The D,, and D,5 cannot be used as general I/O ter- 
minals. 
Therefore, leave the D,4/D,5 column in blank. 
Since the D,q latch can be set, reset or tested, it can 
be used as a flag. 
If no internal halt exists, the D,; latch can be used as 
a flag same as the Dy, latch. If internal halt exists, it 
cannot be used as a general flag. 

@ With or without Internal Halt 

With internal halt ... 
When internal halt is specified, the timer crystal must 
also be specified. 
Without internal halt ... 

The D,s can be used as a general I/O terminal (when 
no timer crystal is used) or as a flag (when timer 
crystal is used). 


@ OSCILLATION CIRCUIT 
The user can specify a resistor, or a ceramic filter or an 
external oscillator. 


LCD-IV 


(To be filled 
LSI Type Number | HD by Hitachi) 


Customer’s ROM 
Code Name 


Customer 






@ MASK OPTION LIST 


(1) 1/0 Option 








1/0 
/O 
1/0 
1/0 
1/0 


/O 
1/0 
1/0 
/O 
1/0 
1/0 
1/0 
/O 
/0 





1/0 
1/0 
VO 
1/0 


TUTE 
LAAN EET TTT Is 


1/0 
1/0 
/0 


INTo 
INT1 








CANN EL 
WEEE 





(NOTE) Mark a selected composition with a circle (o). 
A. No Pull up MOS 
B. With Pull up MOS 
C. CMOS Output 
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LCD-IV 





(2) 1/O State at ‘“‘Halt’’ State and Others 

V/0 State | cenable | o ible | Cid 

With or without externally ith ....... D,,4 and D,, become XO, XI. Do not write any- 
attached crystal for timer 


thing the 1/O Option space (A, B, C) of Dy4, Dis. 


With or without internal D Without internal halt is specified only when crystal for timer is 
hait es es 


Power-supply voltage 0 5+0.5V Q 2,5 to 5.5V 


O R¢ Oscillation 
O Ceramic filter 
OQ External clock 



















Ceramic filter is specified only when power a is 


Oscillation circuit Vec = 5 £0.5V. 


(system clock) 

















O Not use 
O Use (Return by Reset) 
QO Use (Return by no Reset) 





Halt function 





(NOTE) Mark a selected 1/O State or another with a check mark (  / ). 
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# INSTRUCTION 


Instructions are listed acc 


ording to their functions. 


Each mnemonic code and function are shown in this table. 













Register 
to Register 
















RAM 
Address 







Mnemonic code 






















Register 
RAM 









LAM (XY) 
LBM (XY) 
X MA (X Y) 
X MB (XY) 
LMALY (X) 
LMADY (Xx) 
LMILY i 











a 
Y+1°7 Y 
Y-17Y 
Y+A>yY 
Y-A -Y 
X<> SPX 
Yo SPY 
X<?SPX, Y <— 
M>A (XY 
M-> B (XY< SPXY) 
M<?A (XY <> SPX Y) 
M<>B (X Y<> SPX /Y) 
M, Y+17> Y(X<>SPX) 
M, Y-1 > Y(X<?SPX) 





SPY 


Function Status 


BoA 
A> 8B 
YoaA 
SPX -A 
SPY>A 
A <M R (m) 





NB 


NB 



















































OR 





AU BoA 
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LCD-IV 

























Immediate LAI i 
LBI oi 
Al i 
1B B+i > 6B 
DB B-17-7>8B NB 
AMC M+A+C(F/F) > A Cc 
SMC M-A-C(F/F) > A NB 
AM M+A > A Cc 
DAA Decimal Adjustment (Addition) 

Arithmetic DAS Decima! Adjustment (Subtruction) 
NEGA At+t17 A 
COMB B>B 
SEC 12> C (F/F) 
REC 0 > C (F/F) 
TC Test C (F/F) C(F/F) 
ROTL Rotation Left 
ROTR Rotation Right 


(to be continued) 


LCD-IV 


| Group Mnemoniccode | __— Function | Status 


NZ 


Compare 


1 > M(n) 


RAM bit 0 > Min) 


Manipulation Test M (n) 





Branch on Status 1 
Subroutine Jump on Status 1 
ROM Load Program Counter Upper on 
Address Status 1 
Table Branch 
Return from Subroutine 


Interrupt 


Test IN To 

Test INT, 

Test 1FO 

Test IF 1 

Test TF 

i > Timer/Counter 

A > Timer/Counter 

Timer/Counter > A 

Return Interrupt 

1>D (Y) 

0->D (Y) 

Test D(Y) 

12D = (n) 
Input/Output 0->D ({n) 
(Display Control) Rip) > A 

R(p) > B 

A > R (p) 

B > R (p) 

Pattern Generation 

No Operation 








(NOTE) 1. (XY) after a mnemonic code has four meanings as follows. 


Mnemonic only Instruction execution only 
Mnemonic with X Instruction execution, X <> SPX 
Mnemonic with Y Instruction execution, Y <> SPY 
Mnemonic with XY Instruction execution, X <> SPX, Y<>SPY 
[Example] LAM M>A 

LAMX M >A, X <> SPX 

LAMY M—>A, Y <> SPY 

LAMXY M—> A, X <>SPX, Y <>SPY 
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2. Status column shows the factor which affects status by the instruction of status change. 
NZ oe ALU Not Zeto 
CO}. eiscnss ALU = Overflow in Addition/Carry 
NB... ALU = Overflow in Subtraction/No Borrow 


except above .... 


Content of status column affects status directly. 


3. Carry flip-flop is not always affected by executing the instruction which affects the Status. 
instructions which affect Carry flip-flop are eight as follows. 
EC 


AMC 
SMC 
DAA 
DAS 


REC 
ROTL 
ROTR 


4. All instructions except for P are executed in single cycle. 


P is executed in 2 cycles. 


The Difference between LCD-I1I and LCD-IV 


(Program Memory) 
2,048 words 


(Pattern Memory) 
128 words 





Stored Reset 
Circuit (Power- 
on Reset) 


1/0 Condition 
at ““Halt’’ state 


Oscillator 


Reset Address 


Bank Register 
(ROM 
Addressing) 


Absolute Maximum 
Rating Vr2 for 
Terminal Voltage of 
Open Drain Configu- 
ration Output Pins 
and 1/0 Common 
Pins 





160 digits 


(Program Memory) 
4,096 words 
(Includes Pattern Memory) 


LCD-IV 





Selected by Mask Option List 


(Note) But when progfam evalua- 
tion with HD44797E, set 
up the option with the 
register as LCD-IV. 





Refer to the manual as for circuit 
constant of resistor oscillation and 
ceramic oscillation. 


When ordering ROM, selected by Mask 
Option List or by program using internal 
register R6. 


(Mask Option List + Program) 


(No crystal for timer) 
(With crystal for timer) 


(With internal halt) 
(No internal halt). 


(Enable) 
(Disable) 





Circuit constants of resistor oscillation and 
ceramic oscillation are undecided. 
(As for low voltage operation board 
(Vcc = 2.5 to 5.5V), undecided that 
seramic filter can be used or not.) 


63—3F (Bank 1) 





No Bank Register 


—0.3 to[ +10.0V | 
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ROM is divided in 2 Banks. 


63-3F When call or branch 

to other Bank, execute 
CALL or BRL after 
changing Bank Register 
(R7). 


= 0 (Bank 1 side) 
2k Words]9.909 R, = 1 (Bank 0 side) 


BankO = |31-3F 


(same as VT, } 





(to be continued) 











input “High” level 
Voltage ViHz of 
Open Drain Configu- 
ration Output Pins 
and 1/0 Common 
Pins 


RAM Contents : ; 
With RAM destruction No RAM destruction 


HALT state is released when system clock keeps it 
64-clock after receiving halt release. 



















HALT 


HALT signal 






Executes immediately after releasing 
HALT. 





ae 64-clock 


HALT state Operating 
state 









Maximum Total 
Output Current (1) 
“2101 


Vec = 5 + 0.5V 
R¢ Oscillation Ims 
External Clock Operation 4ms 












Vec = 5 +0.5V 
R¢ Oscillation 
External Clock Operation 40 ms 


Vcc = 2.5 to 5.5V 
10 ms 









Reset Pulse 
Width (1) 
trsT1 






Vcc = 2.5 to 5.5V 
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4-BIT SINGLE-CHIP 


MICROCOMPUTER 
HMCS400 SERIES 
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HMCS404C (HD614042) 


The HMCS404C is a CMOS 4-bit single-chip microcomputer 


which is a member of the HMCS400 series. 


The HMCS404C has efficient and powerful architecture and 


its software is very similar to the HMCS40 series. 


This microcomputer provides variety of on-chip resources 


such as ROM, RAM, I/O, two timer/counters and a serial inter- 
face to perform in wide users’ applications. 


The HMCS404C also has the characteristics of high speed 


and low power dissipation and which I/O pins are able to 
drive fluorescent display tube directly. 


HARDWARE FEATURES 
4-bit Architecture 
4,096 Words x 10-bit ROM 
256 Digits x 4-bit RAM 
58 1/0 Pins, Including 26 High Voltage 1/O Pins (40V Max) 
Two Timer/Counters 
11-bit Prescaler 
8-bit Free Running Timer 
8-bit Auto-Reload Timer/Event Counter 
Clock Synchronous 8-bit Serial Interface 
Five Interrupts 
External 2 
Timer/Counter 2 
Serial Interface 1 
Subroutine Stack 
Up to 16 Levels Including Interrupt 
Minimum Instruction Execution Time — 2 us 
Two Low Power Dissipation Modes 
Standby — Stops instruction execution while keeping 
clock oscillation and interrupt functions in 
operation 
Stop — Stops instruction execution and clock oscil- 
lation while retaining RAM data 
On-Chip Oscillator 
External Connection of Crystal, Ceramic Filter or Resistor 
(externally drivable) 


SOFTWARE FEATURES 

Instruction Set Similar to and More Powerful than HMCS40 
Series; 99 Instructions 

High Programming Efficiency with 10-bit ROM/Word; 79 
instructions are single-word instructions 

Direct Branch to All ROM Area 

Direct or Indirect Addressing to All RAM Area 

Subroutine Nesting Up to 16 Levels Including Interrupts 
Binary and BCD Arithmetic Operation 

Powerful Logical Arithmetic Operation 

Pattern Generation — Table Look Up Capability — 

Bit Manipulation for Both RAM and 1/0 
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(DP-64S) 











(FP-64) 


VERSATILE PROGRAM DEVELOPMENT SUPPORT 


TOOLS 


H68SD Series Macro Assembler 

H68SD5-use Emulator (With Real Time Trace Function) 
EPROM On Package Microcomputer 

Mask options are fixed as follows: 


e WOpin 
e Oscillator : 


e Divider 


: Open Drain 


Crystal Oscillator or Ceramic Filter Oscillator 
(externally drivable) 


: Divide-by-8 


HMCS404C 


8 PIN ARRANGEMENT 


Dio 
ik Bok 
2086 
DOD? 

BO O06 Ro 
3 Os Roz 
HO 

D3 Roa 
8 D0: Rio 
2 Or 

ee Do 

3 GND Ria 
3 OSC2 

Osc: a 


@ RESET Rar 
BR 

Rs» ae 
g Ro R23 
3 Roo 

Ras ex 
Rez Rat / Vdisp| 13] 
g Res R20 
Reo 

R73 Ra 


Roe R32/INTo 
Rn eed 
R10 Ra3 INT: 
B Res R 

y Ra2/SO 50 
B Res /Si_ Rs: 
9 Rao /SCK 





SHR 





(Top View) (Top View) 
8 BLOCK DIAGRAM 










Reser YESt OSC, OSC, Ycc GND 











eo aa | i 
al Venue 

: Rao ‘ 

Poeien ee Pear 
A, 
Ry 
ae c——"> ROM 
Pa 4096 1 10 bit 

INSTRUC 
in. TION A— 
i OECOD. 
7 €A 

Ly 
Ae 
Rs, 
Ry 
Pa a7 
Aw 


eq-d-$-q-a eb -E-F-is ch -o-t-t-a ef -F-E-E PF 4-tT 4-4- d-i-4d- 
a t ’ \ 

RarRar Ra iRee  Ri/Rn/Ay Awe ; RayAay Ay Rye 1 Ray Piy Rus Are : 1 Res Fler Res Reo | 14501415 Os, Dis Ore Dy Op Os Oy D, 0, 0, D, DO, O& 
$o Si SCK iNT, int, A i a ass wae iG as aes ca! Pa ers Beko et iat pre err peNaray Sir oie at J 


(_.3 High Voltage Pins 
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® ABSOLUTE MAXIMUM RATINGS 
Item 
Supply Voltage 


Terminal Voltage 


Total Allowance of Input Currents 
Total Allowance of Output Currents 
Maximum Input Current 


Maximum Output Current 


Operating Temperature 
Storage Temperature 


Symbol Unit 
- 
ee ee 


m 


Vv 
Vv 
Vv 


A 
mA 


Tstg —55 to +1 25 . 


l 
“ 
6 


HMCS404C 


Note 


OO) on] &/w 


7,8 
9, 10 
9, 11 
9,12 


(Note 1) Permanent damage may occur if ‘Absolute Maximum Ratings” are exceeded. Normal operation should be under the conditions of 
“Electrical Characteristics”. If these conditions are exceeded, it may cause the malfunction and affect the reliability of LSI. 


(Note 2) All voltages are with respect to GND. 


(Note 3) Applied to standard pins. 
(Note 4) Applied to high voltage pins. 


(Note 5) =Total allowance of input current is the total sum of input current which flow in from all 1/O pins to GND simultaneously. 
(Note 6) Total allowance of output current is the total sum of the output current which flow out from Ve to all I/O pins simultaneously. 
(Note 7) Maximum input current is the maximum amount of input current from each I/O pin to GND. 


(Note 8) Applied to Do ~ D; and R3 ~ R8. 


(Note 9) Maximum output current is the maximum amount of output current from Vcc to each 1/0 pin. 


(Note 10) Applied to Dp ~ Ds and R3 ~ R8. 


(Note 11) Applied. to RO ~ R2. 
(Note 12) Applied to Dg ~ Dis. 
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HMCS404C 


® ELECTRICAL CHARACTERISTICS 
@ DC CHARACTERISTICS (Voc = 4V to 6V, GND = OV, Vuisp = Voc —40V to Voc, Ta = —20 to +78°C, if not specified.) 


















Value 
pie [ve [me] 
INTs, TAT, | - | Veco |v 
.7V, Vect0.3 Vv 
vole “se 0.Vce [= | Vect03 | vv | 
a 
RESET, SCK, 
a a 
Voltage a SC A O21 
pos, | es = TV 
Output “Hh” | y., | gcKso [alos mA a 
Voltage “Ton = 0.0% mA [Vee-ost =f - |v 
Output ‘‘Low” a 
RESET K 
Input/Output tt D ‘ : 
. ul INT). INT), Vin = OV to Veco 1 
Leakage Current pnt | Si, SO, OSC, 
Crystal or 
Ceramic Filter 
Current liad 2,6 
Dissipation in Vee 
Active Mode = ___ 
Sr BEE 
mA 2,6 
Maximum 3,6 
Logic 
Ispy1 Vec Operation 
Vee =5V_ [Resistor 
Ric iator 3.6 
Current ption . 
Dissipation in fos = 4MHz 
Standby Mode 
4,6 
Minimum 
' Vv Logic 
sen? oe Operation 
Vec =5V 
4,6 
parnthale Vin(TEST) = Vee-0.3V to V 
Dissipation in Vec in cc-¥. 0 Vcc 5 
Stop Mode Vin(RESET) = OV to 0.3V 
Stop Mode 
a a 
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HMCS404C 


(Note 1) Pull-up MOS current and output buffer current are excluded. 
(Note 2) The MCU is in the reset state. The input/output current does not flow. 
Test Conditions: MCU state; @ Reset state in Operation Mode 
Pin state; © RESET, TEST ... Voc voltage 
@Do~D;3, R3~R9--- Vec voltage 
@D.~0,;, RO~R2, R po: Rat: Vdisp voltage 
(Note 3) The timer/counter operate with the fastest clock and input/output current does not flow. 
Test Conditions: MCU state; ©@ Standby Mode 
© Input/Output; Reset state 
@ TIMER-A; +2 prescaler divide ratio 
@ TIMER-B; =2 prescaler divide ratio 
@ SERIAL Interface ; Stop 
Pin state; ® RESET ...GND voltage 
@ TEST --- Voc voltage 
®Do~D3, R3~R9 +» Veg voitage 
®0.~D,s, RO~R2, Rao. Rai ae Vdisp voltage 
(Note 4) The timer/counter operate with the slowest clock and input/output current does not flow. 
Test Conditions: MCU state; ® Standby Mode 
© Input/Output; Reset state 
@ TIMER-A; +2048 prescaler divide ratio 
®@ TIMER-B; +2048 prescaler divide ratio 
@ SERIAL Interface ; Stop 
Pin state; ®@ RESET... GND voltage 
@TEST .-- Voc voltage 
®Do~D3, R3~R9 --- Voc voltage 
®D,~D.;, RO~ R2, Rag. Rai ose Vdisp voltage 
(Note 5) Pull-down MOS current is excluded. 
(Note 6) When-fo,,=x [MHz] , the Current Dissipation in Operation mode and Standby mode are estimated as follows: 


max. value (fos-=X [MHz] ) =x max. value (fog¢=4 [MHz] } 


@ INPUT/OUTPUT CHARACTERISTICS FOR STANDARD PIN 
(Voc = 4V to 6V, GND = OV, Vaisp = Vec —40V to Vcc, Ta = —20 to +75°C, if not specified.) 


a oer ST ce all | a 
we [max 


Do ~ D3, 
R3 ~ R5, RO 0. a a 3 
Do ~ Os 
Do ~ Da, 
vas R3~ R8 Vec—1.0 
Bem [eres veel 
Do ~ Oe 2 
Pier fees 
| le | Re ~ Ds, Vec = 5V 
| le | Ram RQ Vin = OV oe 
















Note 





Input “High” 
Voltage 







Input “Low” 
Voltage 


Output “High” 
Voltage 






Output “Low” 
Voltage 






Input/Output 
Leakage Current 


Pull-Up MOS 
Current 












(Note 1) Applied to 1/O pins with “CMOS” Output selected by mask option. 
(Note 2) Pull-up MOS current and output buffer current are excluded. 
(Note 3) Applied to 1/O pins with “with Pull-up MOS” selected by mask option. 
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HMCS404C 


@ INPUT/OUTPUT CHARACTERISTICS FOR HIGH VOLTAGE PIN 
(Voc = 4V to 6V, GND = OV, Vaisp = Vec —40V to Voc, Ta = —20 to +75°C, if not specified.) 


| Pnname | Testcondiion | 
Vv Da ~ Dis, R1 0.7V 
IH R2, Rao. Rat -!Vec 

Vv De~Dis , R1 

ad R2, Rao, Rai 





















Input “High” 
Voltage 







Input “Low” 
Voltage 





Output “‘High”’ 
Voltage 


















Ds~D 
BRS Vaiep = Vec—40V 


~D 
ea [weve | = | [ver | + 
Da~Dis 
Vin = Vec—40V to Vcc LA 





Output ‘‘Low’”’ 
Voltage 









Input/Output 
Leakage 
Current 








Pull Down MOS 
Current 


(Note 1) Applied to 1/0 pins with “with Pull-down MOS” selected by mask option. 

(Note 2) Applied to 1/0 pins with “without Pull-down MOS (PMOS Open Drain)" selected by mask option. 
(Note 3) Pull-down MOS current and output buffer current are excluded. 

(Note 4) Applied to I/O pins with “with Pull-down MOS” selected by mask option. 
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HMCS404C 


© AC CHARACTERISTICS (Voc = 4V to 6V, GND = OV, Vuisp = Voc —40V to Voc, Ta = —20 to +75°C. if not specified.) 











































Test 
gal mil [Paname | onions [aT wena] ot | ee 
ts : : 
a eee ee cree Time even) 2 ee as es] Pe 20s ae | 
- scillat tabilizati 
5 Oscillation Frequency OSC, , OSC, Re=20k2Q+2% 30 | 4.2 MHz 
2s , : 
25 HEMUETION Gye Lie R=20kQ42% | 2.66 | 4.44 us 
FO | ime Ttor Stabilization | tac | OSC, OSC, | RF=2045222% Lee aes 
External Clock Frequency | fop Osc, | - | 45 | Maz | 2 
x External Clock “High” ‘ 2 
8 | Level Width cre 
o External Clock “Low” 
© | Level Width tee OSC, 2 
[External Clock Fall Time [tor | 08; | | - | - | 2 | os | 2 
INTo “High” Level Width tion : 2 - - teye 3 
INTo “Low” Level Width tot 2 es = teye 3 
INT: “High” Level Width tu 2 - - teye 3 
INTi "Low" LevelWidth [un | Wi | —Si«dY=Sa sd] Sd te | 
RESET “High” Level Width RESET hn a eae teye 4 
in 
RESET Fall Time eae ee Ee eee 





(Note 1) Oscillator stabilization time is the time until the oscillator stabilizes after Voc reaches 4.0V at ‘Power-on’, or after RESET 
input level goes to “High’’ by resetting to quit the stop mode by MCU reset on the circuits below. When using crystal or 
ceramic filter oscillator, please ask a crystal oscillator maker’s or ceramic filter maker’s advice because oscillator stabilization 
time depends on the circuit constant and stray capacity. 


Crystal oscillator Ceramic filter oscillator Resistor oscillator 


Osc, 
Rf 
Osc, 





Crystal: a sbanpanil: NC-18C(Nihon Denpa Kogyo) Cetarnid filter: CSA4.00MG (Murata) Rf : 20kN+2% 
Rf: IMM +2% Rf. 1MHz+2% 
C1 : 22pF+20% C1 : 30pF+20% 
C2 : 22pF+20% C2 : 30pF £20% 

(Note 2) (Note 3) 






Vec-0.5 
Osc, 


tcPr cet 


(Note 4) 


RESET 
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@ SERIAL INTERFACE TIMING CHARACTERISTICS 
(Vec =4V to 6V, GND = OV, Vuisp * Vcc —40V to Voc, Ta = —20 to +75°C, if not specified.) 





* At Transfer Clock Output 


Item 


Transfer Clock Cycle Time 


Transfer Clock “High” 
Level Width 


Transfer Clock “Low” 
Level Width 


Transfer Clock Rise Time 
Transfer Clock Fall Time 


Serial Output Data 
Delay Time 


Serial Input Data Set-up Time 
Serial Input Data Hold Time 


* At Transfer Clock Input 


Item 


Transfer Clock Cycle Time 


Transfer Clock “High” 
Level Width 


Transfer Clock ‘‘Low” 
Level Width 


Transfer Clock Rise Time 
Transfer Clock Fall Time 


Serial Output Data 
Delay Time 


Serial Input Data Set-up Time 
Serial Input Data Hold Time 


Test 

SS ee basi 
a oc 
Sc Ma 


tscxr | SER _| Nowe?) 1,2 
wea 


ea Dee ae (Re We 
ie (ee eee ee ee 


oe ee : 
joes | SK || os | = | - | tee | 
rg 
ftscxr | SCK | =| - | - | 10 | ms | 1 
[tscxr | = SCK | CT CN UT CU | t00 Tos 
ee 
ae a ee ee i ee ee ee 
[ts [SET 50 |= = ts 


(Note 1) Timing Diagram of Serial Interface 


SCK Vee —2.0V(0.7 Vcc 
0.8V(0.22Vcc) * 


so 


Ss! 






0.7Vcc 
ne ae 


*Vec — 2.0V and 0.8V are the threshold voltage for transfer clock output. 
0.7 Vcc and 0.22 Vcc are the threshold voltage for transfer clock input. 


(Note 2) Timing Load Circuit 
Vec 
RA, =2.6kQ 
Test 
Point 
Cc R 182074@ 
30pF 12kQ 7 oF Equiv. 
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® CHARACTERISTICS CURVE (REFERENCE DATA) 


Ta=—20~+75T 
fosc =4MHz 





fosc(MHz) Vec(V) 
loc vs. foscCharacteristics lec vs. Vcc Characteristics 
(Crystal, Ceramic Filter Oscillator Option) (Crystal, Ceramic Filter Oscillator Option) 


Ta=—-20~-+757 
fosc = 4MHz 





fosc( MHz) Veo (V) 


icc vs. fos, Characteristics loc vs. Voc Characteristics 
(Resistor Oscillator Option) (Resistor Oscillator Option) 








2.0 





Ta=—20~+75C 
Vec=5V 





~ 1.6 
a vam 
7a : 
B12 % 
ae ies 
rd 0.8 vA <<] - 
pimee: 
0 1 2 3 4 5 
fosc(MHz) Vec(V) 
Ispy VS. foge Characteristics ~° Isgy vs. Voc Characteristics 
(Crystal, Ceramic Filter Oscillator Option) (Crystal, Ceramic Filter Oscillator Option) 
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“| Ta=—-20~+75T 
fosc =4MHz 


tsev1, Isay2(mA) 
Issy1, lsav2(mA) 





fosc(MHz) Vec(V) 
Ispy vS. fosc Characteristics 
(Resistor Oscillator Option) 


tex-20-+750 | {| | | {| 


Ispy vs. Vcc Characteristics 
(Resistor Oscillator Option) 


PAPAL IN| Shek 





Vec(V) 
—Ip (Pull-up MOS Current) vs. Vec — Vdisp(V) 
Vec Characteristics 1g (Pull-down MOS Current) vs. 
(Vcc — Vdisp) Characteristics 


lon min.(mA) 





Vo.(V) Vee — Von(V) 
lot min. vs. Voy Characteristics 


-lon min vs. (Vcc — Von) Characteristics 
(Standard Pin) 


(Standard Pin ‘“‘CMOS’’) 
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fan=20- +780 | 


H Vec =6V 


—lon min. (mA) 


Vec—Von(V) 


-low min. vs. (Veco — Von) Characteristics 
(Dg ~ Dy. Pins) 


™ DESCRIPTION OF PIN FUNCTIONS 
Input and output signals of MCU are described below. 


© GND, Vec. Vaisp 

These are Power Supply Pins. Connect GND pin to Earth 
(OV) and apply Vcc power supply voltage to Vcc pin. Vadis 
is an power supply for high voltage Input/Output pins with 
maximum voltage of Vcc-40V. Vdisp pin can be also used as 
Ra 1 pin by mask option. For details, see “INPUT/OUTPUT”. 


e TEST 

TEST pin is not for user’s application. TEST must be con- 
nected to Vcc. 
@ RESET 

RESET pin is used to reset MCU. For details, see “RESET”’. 


® OSC,, OSC, 

These are Input pins to the internal oscillator circuit. They 
can be connected to crystal resonator, ceramic filter reso- 
nator, R¢ oscillator, or external oscillator circuit. Select the 
circuit of MCU by mask option corresponding to the oscillator 
type. For details, see “INTERNAL OSCILLATOR CIRCUIT.” 


© D-port (Do to D,;) 

D-port is a 1-bit Input/Output common port. Do to D3 are 
standard type, D4 to Dys are for high voltage. Each pin has the 
mask option to select its circuit type. For details, See “INPUT/ 
OUTPUT”. 


@ R-port (RO to RA) 

R-port is a 4-bit Input/Output port. (only RA is 2-bit con- 
struction.) RO and R6 to R8 are output ports, R9 to RA are 
input ports, and Rl to R5 are Input/Output common ports. 
RO to R2 and RA are the high voltage ports, R3 to R9 are the 
standard ports. Each pin has the mask option to select its cir- 
cuit type. Raz, R33, Rao, Ra: and Raz are also available as 


HMCS404C 


—lon min. (mA) 





Veco —VoxH(V) 


-loH min. vs. (Vcc — Von) Characteristics 
(RO ~ R2 Pins) 


INTo, INT:1, SCK, SI and SO respectively. For details, see 
“INPUT/OUTPUT”. 


© INT, INT, 

These are the input pins to interrupt MCU operation exter- 
nally. INT, can be used as an external event input pin for 
TIMER-B. INT > and INT, are also available as R3,., and R33 
respectively. For details, See “INTERRUPT”. 











© SCK, SI, SO _ 

These are Transfer clock I/O pin (SCK), serial data input pin 
(SI) and serial data output pin (SO) used for serial interface. 
SCK, SI, and SO are also available as Rag, Ra, and Ra respec- 
tively. For details, see “SERIAL INTERFACE”. 


= ROM MEMORY MAP 

MCU includes 4096 words x 10 bits ROM. ROM memory 
map is illustrated in Fig. 1 and described in the following 
paragraph. 


@ Vector Address Area ..... $0000 to $OO0F 

When MCU is reset or an interrupt is serviced, the program is 
executed from the vector address. Program the JMPL instruc- 
tions branching to the starting addresses of reset routine or 
of interrupt routines. 


@ Zero-Page Subroutine Area ..... $0000 to $003F 
CAL instruction allows to branch to the subroutines in 
$0000 to $003F. 


@ Pattern Area..... $0000 to SOF FF 
P instruction allows referring to the ROM data in $0000 to 
SOFFF as a pattern. 


@ Program Area...... $0000 to SOF FF 
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Vector Address 


Zero-Page Subroutine 


63 (64Words) 
64 
Program 
Pattern 
(4096Words) 
4095 
4096 


16383 $3FFF 








JMPL Instruction 
(Jump to RESET Routine) 
JMPL Instruction 
(Jump to INTo Routine) 
JMPL Instruction 
(Jump to INT: Routine) 
JMPL Instruction 
(Jump to TIMER-A Routine) 


Fig. 1 ROM Memory Map 


® RAM MEMORY MAP 
MCU includes 256 digits x 4 bits RAM as the data area and 
stack area. In addition to these areas, interrupt control bits 


Oo 
RAM-mapped Registers 
31 
32 
Memory Registers(MR) 
OT a oe ee oe ee 
48 


(192Digits) 


223 $ ODF 
224 $ OEO 
Not Used 
959 $ 3BF 
960 $ 3C0 
Stack 
1023 (64Digits) $36F 






and special registers are also mapped on the RAM memory 
space. RAM memory map is illustrated in Fig. 2 and described 
in the following paragraph. 


Interrupt Control Bits 


[Port Mode Reg (PMA) Tw |g 004 
5|_Serial Mode Reg.___(SMA) t w |$ 005 
6| Serial Data Reg. Lower (SRL) [Rw] 008 
7] Serial Data Reg. Upper (SRU) {m/w $ 007 


8| Timer Mode Reg. A (TMA) | W ]$ 008 


9] Timer Mode Reg. B (TMB) | W [$009 


. TCBL/TLRL) !R/ 
TIMER-B ( ) if Wi $ OOA 
(TCBU/TLRU):R/Wj $ 00B 


$ OOC 


$ O1F 


* Two registers are mapped on same address. 





R_ :Read Only 10 
W_:Write Only 
R/W:Read /Write 





Timer:Event Counter B Lower R Timer Load Reg. Lower | 
(TLRL) Ww 


7 5 i] 
(TCBL ! 


Timer /Event Counter B Upper | R 
(TCBU) 


$O00A 
$00B 





Timer Load Reg. Upper lw 
(TLRU) ! 





Fig. 2 RAM Memory Map 
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bit 3 bit 2 bit 1 bit O 
. IMO 1 IFO RSP | LYE heaee 
(IM of INTo ) (IF of INT5) (Reset SP Bit) (Interrupt Enable Flag) 
IMTA IFTA iM1 ae IFA ee 
(IM of TIMER-A) (IF of TIMER-A) | (IM of iNT.) (IF of INT) 
IMTB IFTB 
0 
Nor Used Notlsed (IM of TIMER-B) (IF of TIMER-B) | 9002 
IMS IFS 
: Mot Used Net eed (IM of SERIAL) (IF of SERIAL) sen? 





IF : Interrupt Request Flag 
IM: Interrupt Mask 
1/E : Interrupt Enable Flag 
SP : Stack Pointer 


(Note) Each bit in Interrupt Control Bits Area is set by SEM/SEMD instruction, is reset by REM/REMD instruction and is tested by TM/TMD 
instruction. It is not affected by other instructions. Furthermore, Interrupt Request Flag is not affected by SEM/SEMD instruction. 
The content of Status becomes invarid when ‘Not Used’”’ bit is tested. 


Fig. 3 Configuration of Interrupt Control Bit Area 


@ Interrupt Control Bit Area ..... $000 to $003 @ Data Area ..... $020 to $ODF 
This area is used for interrupt controls, and is illustrated in 16 digits of $020 to $02F are called memory register (MR) 
Fig.3, It is accessable only by RAM bit manipulation instruction. and accessable by LAMR and XMRA instructions. 


However, the interrupt request flag cannot be set by software. 
@ Stack Area .... $3C0 to $3FF 


@ Special Register Area ..... $004 to $00B Stack Area is used for LIFO stacks with the contents of the 

Special Register is a mode or a data register for the external program counter (PC), status (ST) and carry (CA) when process- 
interrupt, the serial interface, and the timer/counter. These ing subroutine call and interrupt. As 1 level requires 4 digits, 
registers are classified into 3 types: Write-only, Read-only, and this stack area is nested to 16 level-stack max. The data pushed 
Read/Write as shown in Fig. 2. These registers cannot be in the stack and LIFO stack state are provided in Fig. 4. The 
accessed by RAM bit manipulation instruction. program counter is restored by RTN and RTNI instructions. 


Status and Carry are restored only by RTNI instruction. The 
area, not used for stacking, is available as a data area. 









































Memory Registers Stack Area 
$020 6° #2c0 
$ 021 
$ 022 
$ 023 
$ 024 
$ 025 
$ 026 
$ 027 bit3 bit2 bit1 
$ 028 
$ 029 
$ 02A 
$ 028 
$ 02C 
$ 02D 
$ 02E 
$ 02F 1023 





PC13 toPCo ; Program Counter 
ST; Status 
CA; Carry 


Fig. 4 Configuration of Memory Register, Stack Area and Stack Position 
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® REGISTER AND FLAG 

The MCU has nine registers and two flags for the CPU opera- 
tions. They are illustrated in Fig. 5 and described in the follow- 
ing paragraphs. 


@ Accumulator (A), B Register (B) 

Accumulator and B Register are 4-bit registers used to hold 
the results of Arithmetic Logic Unit (ALU), and to transfer data 
to/from memories, I/O and other registers. 


@ W Register (W), X Register (X), Y Register (Y) 

W Register is 2-bit, and X and Y Register are 4-bit registers 
used for indirect addressing of RAM. Y register is also used 
for D-port addressing, 


© SPX Register (SPX), SPY Register (SPY) 
SPX and SPY Register are 4-bit registers used to assist X and 
Y Register respectively. 


@ Carry (CA) 

Carry (CA) stores the overflow of ALU generated by the 
arithmetic operation. It is also affected by SEC, REC, ROTL and 
ROTR instructions. 

During interrupt servicing, Carry is pushed onto the stack 
and restored back from the stack by RTNI instruction. (It’s not 
affected by RTN instruction.) 


© Status (ST) 

Status (ST) holds the ALU overflow, ALU non-zero and the 
results of bit test instruction for the arithmetic or compare in- 
struction. It is used for a branch condition of BR, BRL, CAL or 
CALL instructions. The value of the Status remains unchanged 
until the next arithmetic, compare or bit test instruction is ex- 
ecuted. Status becomes “1” after the BR, BRL, CAL or CALL 
instruction has been executed (irrespective of its execution/ 
skip). During the interrupt servicing, Status is pushed onto the 


fi eel) Accumulator 
8 Reguter 


[| W Regster 


Fig. 5 Register and Flags 





stack and restored back from the stack by RTNI instruction. 
(It’s not affected by RTN instruction.) 


@ Program Counter (PC) 
Program Counter is a 14-bit binary counter for ROM address- 
ing. 


®@ Stack Pointer (SP) 

Stack Pointer is used to point the address of the next stack- 
ing area up to 16 levels. 

The Stack Pointer is initialized to locate $3FF on the RAM 
address, and is decremented by 4 as data pushed into the stack, 
and incremented by 4 as data restored back from the stack. 


8 INTERRUPT 

The MCU can be interrupted by five different sources: the 
external signals (INTo, INT,), timer/counter (TIMER-A, 
TIMER-B), and serial interface (SERIAL). In each sources, 
the Interrupt Request Flag, Interrupt Mask and interrupt vector 
address will be used to control and maintain the interrupt re- 
quest. The Interrupt Enable Flag is also used to control the 
total interrupt operations. 








© Interrupt Control Bit and Interrupt Service 

The interrupt control bit is mapped on $000 to $003 of the 
RAM address and accessable by RAM bit manipulation instruc- 
tion. (The Interrupt Request Flag (IF) cannot be set by soft- 
ware.) The Interrupt Enable Flag (1/E) and Interrupt Request 
Flag (IF) are set to “0”, arid the Interrupt Mask (IM) is set to 
“1” at the initialization by MCU reset. 

Fig. 6 shows the interrupt block diagram. Table 1 shows the 
interrupt priority and vector addresses, and Table 2 shows the 
conditions that the interrupt service is executed by any one of 
the five interrupt sources. 

The interrupt request is generated when the Interrupt Re- 
quest Flag is set to “1“ and the Interrupt Mask is “0”. If the 
Interrupt Enable Flag is “1‘‘, then the interrupt will be activated 
and vector addresses will be generated from the priority PLA 
corresponding to the five interrupt sources. 

Fig. 7 shows the interrupt services sequence, and Fig. 8 
shows the interrupt flowchart. If the interrupt is requested, the 
instruction finishes its execution in the first cycle. The Inter- 
rupt Enable Flag is reset in the second cycle. In the second and 
third cycles, the Carry, Status and Program Counter are pushed 
onto the stack. In the third cycle, the instruction is executed 
again after jumping to the vector address. 

In each vector address, program JMPL instruction to branch 
to a starting address of the interrupt routine. The Interrupt 
Request Flag which caused the interrupt service has to be reset 
by software in the interrupt routine. 
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$000.0 Sequence Controi 


ve - Push PC CA ST 
» Reset I/E 


- Jump to Vector 
Address 


$ 000,2 





$ 000.3 
i Priority Control Vector 


Address 


$001.0 


mm: “{D 
fal ell 





$001.2 


cm» of) 


IMTA 


$ 002.0 


$002.1 +) 
o 


Fig.6 Interrupt Circuit Block Diagram 


Table 1. Vector Addresses and Interrupt Priority 


Reset - Interrupt | Priority Vector addresses 
RESET - $0000 
INTo $0002 
INTs $0004 
TIMER-A $0006 
TIMER-B $0008 


SERIAL $000C 























|) BP) &/ NY] — 





Table 2. Conditions of Interrupt Service 








Interrupt ks 
Interrupt source INTo INT, TIMER-A TIMER-B SERIAL 
control bits 
Ei ie eee ee es 
rome {+ | 0 | o | o | 0 
rim | * {| 1 yo | o | 0 
FTa-WTA | * | * | + | 0 | 0 
wra-Ts | + | + | * | 4 | 
rss [+ | + | * | * | 4 
* Don’t care 
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Instruction 1 


Cycles 


Instruction 
execution 


Stacking, 
Vector address 
is generated 


Interrupt 
accepted 


Stacking, 
Reset of 1/E 








JMPL instruction execution on the 
vector address 





Fig. 7 


@ Interrupt Enable Flag (1/E: $000,0) 

The Interrupt Enable Flag controls enable/disable of all inter- 
rupt requests as shown in Table 3. The Interrupt Enable Flag is 
reset by the interrupt servicing and set by RTNI instruction. 


Table 3. Interrupt Enable Flag 


Interrupt Enable/Disable 
Disable 
Enable 


Interrupt Enable Flag 





© External Interrupt (INT, INT; ) a Coeetes 

To use external interrupt, select R32/INTo, R33/INT, port 
for INTo, INT; mode by setting the Port Mode Register (PMR: 
$004). 

The External Interrupt Request Flags (IFO, IF 1) are set at 
the falling edge of INTo, INT, inputs. 

INT, input can be used as a clock signal input of TIMER-B. 
Then, TIMER-B counts up at each falling edge of input. When 
using INT, as TIMER-B external event, an External Interrupt 
Mask (IM1) has to be set so that the interrupt request by INT: 
will not be accepted. 











@ External Interrupt Request Flag (IFO: $000,2, 1F1: $001,0) 
The External Interrupt Request Flags (IFO, IF1) are set at 
the falling edges of INTy, INT, inputs respectively. 


@ External Interrupt Mask (IMO: $000,3, IM1: $001,1) 


The External Interrupt Mask is used to mask the external 
interrupt requests. 


Table 4. External Interrupt Request Flag 


Interrupt Requests 


External Interrupt Request Flags 





Interrupt Servicing Sequence 
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Instruction 
Execution at 
starting address 
of the interrupt 
routine 





Table 5. External Interrupt Mask 


External Interrupt Masks Interrupt Requests 


Enable 
Disable (masks) 





@ Port Mode Register (PMR: $004} 

The Port Mode Register is a 4-bit write-only register which 
controls the R32/INTo pin, R33/INT, pin, R4,/SI pin and 
R,2/SO pin as shown in Table 6. The Port Mode Register will 
be initialized to $0 by MCU reset, so that all these pins are set 
to a port mode. 





Table 6. Port Mode Register 





R33/INT, pin 










Used as R33 port input/output pin 
Used as INT, input pin 







R32 /INTo pin 






Used as R32 port input/output pin 
Used as INTg input pin 







Rai /St pin 





Used as Ra, port input/output pin 
Used as S! input pin 







Raa /so pin 





Used as Ra. port input/output pin 
Used as SO output pin 











interrupt 
Request 






Yes 
(C) 
Interrupt 
Accept 


1/E<-*0” 


Stack<(PC) 
Stack—(CA) 
Stack—(ST) 










Execute 
Instruction 
PC-(PC)+1 
















PC-$ 0002 


: PC+-$ 0004 _ 
PC+-$ 0006 TIMERS 






Interrupt 
? 







TIMER-B 
Interrupt 
? 







PC--$ 0008 


PC--$ 000C 


Fig. 8 Interrupt Servicing Flowchart 





(SERIAL Interrupt) 
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® SERIAL INTERFACE 

The serial interface is used to transmit/receive 8-bit data 
serially. This consists of the Serial Data Register, the Serial 
Mode Register, the Octal Counter and the multiplexer, as illus- 
trated in Fig. 9. Pin R4o/SCK and the transfer clock signal are 
controlled by the Serial Mode Register. Contents of the Serial 
Data Register can be written into or read out by the software. 
The data in the Serial Data Register can be shifted synchronous- 


SYSTEM 
on ? 

8 

+|- 





2 
















SMR(4bit) 


SERIAL MODE 
. REG. 


INTERNAL BUS LINE | (S2)_| 





PMR(4bit) 
PORE MODE 





SERIAL MPX 2 | 


ly with the transfer clock signal. 

The serial interface operation is initiated with STS instruc- 
tion. The Octal Counter is reset to $0 by STS instruction. It 
starts to count at the falling edge of the transfer clock (SCK) 
signal and increments by one at the rising edge of the SCK. 
When the Octal Counter is reset to $0 after eight transfer clock 
signals, or discontinued transmit/receive operation by resetting 
the Octal Counter, the SERIAL Interrupt Request Flag will be 


set. 
OC(3bit) 
OCTAL 
COUNTER 


INTERNAL BUS LINE 
SR (8 bit) 
SERIAL DATA REGISTER 


INTERNAL BUS LINE (S2)| | 










INTERRUPT 
REQUEST FLAG 

of SERIAL INTER- 
FACE 
(S1) 











Fig.9 Serial interface Biock Diagram 


@ Serial Mode Register (SMR: $005) 

The Serial Mode Register is a 4-bit write-only register. This 
register controls the R4o/SCK and the prescaler divide ratio as 
the transfer clock source as shown in Table 7. 

The Write Signal to the Serial Mode Register controls the 
operating state of serial interface. 

The Write Signal to the Serial Mode Register stops the 
transfer clock applied to the Serial Data Register and the Octal 
Counter. And it also reset the Octal Counter to $0 simul- 
taneously. 

When the Serial Interface is in the “Transfer State’’, the Write 
Signal to the Serial Mode Register causes to quit the data 
transfer and to set the SERIAL Interrupt Request Flag. 

Contents of the Serial Mode Register will be changed on the 
second instruction cycle after writing into the Serial Mode 
Register. Therefore, it will be necessary to execute the STS 
instruction after the data in the Serial Mode Register has been 
changed completely. The Serial Mode Register will be reset to 
$0 by MCU reset. 
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@ Serial Data Register (SRL: $006, SRU: $007) 

The Serial Data Register is an 8-bit read/write register. It 
consists of a low-order digit (SRL:$006) and a high-order digit 
(SRU: $007). 

The data in the Serial Data Register will be output from the 
LSB side at SO pin synchronously with the falling edge of the 
transfer clock signal. At the same time, external data will be 
input from the LSB side at SI pin to the Serial Data Register 
synchronously with the rising edge of the transfer clock. Fig. 
10 shows the I/O timing chart for the transfer clock signal and 
the data. 

The writing into/reading from the Serial Data Register during 
its shifting causes the validity of the data. 

Therefore complete data transmit/receive before writing 
into/reading from the serial data register. 
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Table 7. Serial Mode Register 


Used as Rao port input/output pin 
Used as SCK input/output pin 





Transfer Clock 


Prescaler System Clock 
Bit 2 Bit 1 Rao/SCK Port Divide Divide 
Ratio Ratio 


emer | = 4006 


oo « 


+ 256 


+ 64 











6 7 8 
1 1 





Serial Output Data 


Serial Input Data 
Latch Timing 


Fig. 10 Serial Interface 1/O Timing Chart 


© SERIAL Interrupt Request Flag (IFS: $003, 0) Table 9. SERIAL Interrupt Mask 
The SERIAL Interrupt Request Flag will be set after the 
eight transfer clock signals or transmit/receive discontinued SERIAL Interrupt Mask Interrupt Request 


operation by resetting the Octal Counter. Enable 
Disable (mask) 





® SERIAL Interrupt Mask (IMS: $003, 1) 


The SERIAL Interrupt Mask masks the interrupt request. © Selection of the Operation Mode 
Table 10 shows the operation mode of the serial interface. 
Table 8. SERIAL Interrupt Request Flag Select a combination of the value in the Port Mode Register and 
the Serial Mode Register according to Table 10. 


SERIAL Interrupt Request Flag Interrupt Request Initialize the serial interface by the Write Signal to the 
Serial Mode Register, when the Operation Mode is changed. 
©@ Operating State of Serial Interface 
The serial interface has 3 operating states as shown in Fig. 11. 
The serial interface gets into “STS waiting state” by 2 ways: 
one way is to change the operation mode by changing the data 
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in the Port Mode Register, the other is to write data into the 
Serial Mode Register. In this state, the serial interface does not 
operate although the transfer clock is applied. If STS instruc- 
tion is executed, the serial interface changes its state to “SCK 
waiting state”, 

In the “SCK waiting state”, the falling edge of first transfer 
clock affects the serial interface to get into “transfer state”, 
while the Octal Counter counts-up and the Serial Data Register 
shifts simultaneously. As an exception, if the clock continuous 
output mode is selected, the serial interface stays in “SCK wait- 
ing state” while the transfer clock outputs continuously. 

The Octal Counter becomes “000” again by 8 transfer 
clocks or execution of STS instruction, so that the serial inter- 
face gets back into the ‘“SCK waiting state”, and SERIAL 
Interrupt Request Flag is set simultaneously. 

When the internal transfer clock is selected, the transfer 
clock output are triggered by the execution of STS instruction, 
and it stops after 8 clocks. 


@ Example of Transfer Clock Error Detection 
The serial interface functions abnormally when the transfer 
clock was disturbed by external noises. In this case, the transfer 











* “Change PMR’’ means the change of 
operation mode as below: 












* Transmit Mode 
* Receive Mode 
* Transmit/Receive 







Clock Continuous 
Output Mode 









SCK Waiting State 
(Octal Counter = 000°’) 


Transmit/Receive 
qi FS<'1 "y 


Interrupt 
Disable 


IFS < "0" 


Write to 
SMR 














Transfer Clock 
Error Processing 







No 


Normal End 


Fig. 12 Example of Transfer Clock Error Detection 


STS Waiting State 


Octal Counter = “000° 
Transfer Clock Disable 


Transfer Clock 


8 Transfer Clocks, 
STS Instruction 


(IFS <—""1"") 
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clock error can be detected in the procedure shown in Fig. 12. 

If more than 9 transfer clocks are applied by the external 
noises in the “SCK waiting state”, the state of the serial inter- 
face shifts as the following sequence: first “transfer state” 
(while 1 to 7 transfer clocks), second “SCK waiting state” (at 
8th transfer clock) and third “transfer state” again. Then reset 
the SERIAL Interrupt Request Flag, and make “STS waiting 
state” by writing to the Serial Mode Register. SERIAL Inter- 
rupt Request Flag is set again in this procedure, and it shows 
that the transfer clock was invalid and that the transmit/receive 
data were also invalid. 


Table 10. Serial Interface Operation Mode 








Serial Interface Operating Mode 





Clock Continuous Output Mode 
Transmit Mode 






Receive Mode 
Transmit/Receive Mode 


Change PMR - 


Transfer State 
(Octal Counter # 000") 





Fig. 11 Serial Interface Operation State 


= TIMER 

The MCU contains a prescaler and two timer/counters 
(TIMER-A, TIMER-B), Fig. 13 shows the block diagram. The 
prescaler is an 11-bit binary counter. TIMER-A is an 8-bit 
free-running timer. TIMER-B is an 8-bit auto-reload timer/ 
event counter. 


@ Prescaler 

The input to the prescaler is a system clock signal. The 
prescaler is initialized to $000 by MCU reset, and the prescaler 
starts to count up the system clock signal as soon as RESET 
input goes to logic “0”. The prescaler keeps counting up except 
MCU reset and stop mode. The prescaler provides clock signals 
to TIMER-A, TIMER-B and serial interface. The prescaler de- 
vide ratio of the clock signals are selected according to the 
content of the mode registers such as — Timer Mode Register A 
(TMA), Timer Mode Register B (TMB), Serial Mode Register 
(SMR). 


TIMER MODE REGISTER B 






TIMER-A MPX 
3 
TMA(3bit) 


TIMER MODE REGISTER A 


















INTERNAL BUS LINE ($1) 


TCA(8bit) 
TIMER COUNTER A 
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TL(4bit) 
TIMER LATCH 
REG. 





TCB(8bit) 
TIMER/EVENT COUNTER B 


INTERRUPT 
REQUEST FLAG 
OF TIMER-B 


INTERRUPT 
REQUEST FLAG 
OF TiIMER-A 


Fig. 13 Timer/Counter Block Diagram 


@ TIMER-A Operation 

After TIMER-A is initialized to $00 by MCU reset, it counts 
up at every clock input signal. When the next clock signal is 
applied after TIMER-A is counted up to $FF, TIMER-A is set 
to $00 again, and generating overflow output. This leads to 
setting TIMER-A Interrupt Request Flag (IFTA: $001, 2) to 
“1. Therefore, this timer can function as an interval timer 
periodically generating overflow output at every 256th clock 
signal input. 

The clock input signals to TIMER-A are selected by the 
Timer Mode Register A (TMA: $008). 


@ TIMER-B Operation 

Timer Mode Register B (TMB: $009) is used to select the 
auto-reload function and the prescaler divide ratio of TIMER-B 
as the input clock source. When the external event input is 
used as an input clock signal to TIMER-B, select the R33/INT; 
as INT, and set the External Interrupt Mask (IM1) to “1” to 
prevent the external interrupt request from occurring. 

TIMERSB is initialized according to the value written into the 
Timer Load Register by software. TIMER-B counts up at every 
clock input signal. When the next clock signal is applied to 
TIMER-B after TIMER-B is set to $FF, TIMER-B will be initi- 
alized again and generate overflow output. In this case if the 
auto-reload function is selected. TIMER-B is initialized accord- 
ing to the value of the Timer Load Register. Else if the auto- 
reload function is not selected, TIMER-B goes to $00. TIMER- 
B Interrupt Request Flag (IFTB: $002,0) will be set at this 
overflow output. 
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@ Timer Mode Register A (TMA: $008) 

The Timer Mode Register A is a 3-bit write-only register. 
The TMA controls the prescaler divide ratio of TIMER-A clock 
input, as shown in Table 11. 

The Timer Mode Register A is initialized to $0 by MCU reset. 


@ Timer Mode Register B (TMB: $009) 

The Timer Mode Register B is a 4-bit write-only register. The 
Timer Mode Register B controls the selection for the auto- 
reload function of TIMER-B and the prescaler divide ratio, 
and the source of the clock input signal, as shown in Table 12. 

The Timer Mode Register B is initialized to $0 by MCU reset. 

The operation mode of TIMER-B is changed at the second 
instruction cycle after writing into the Timer Mode Register B. 

Therefore, it is necessary to program the write instruction 
to TLRU after the content of TMB is changed. 


Table 11. Timer Mode Register A 
TMA 


Bit 2 [pitt | Biro | Prescaler Divide Ratio 
0 +2048 
+1024 
+ 512 
128 
32 
8 
4 
2 


ot Keel eed eel Roo) 
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Table 12. Timer Mode Register B 


Auto-reload Function 


Prescaler Divide Ratio, 
Clock Input Source 

















@ TIMER-B ears $00A, TCBU: pate 
TLRL: $O0A, TLRU: $00B. 

TIMER-B consists of an 8-bit write-only Timer Load Regis- 
ter, and an 8-bit read-only Timer/Event Counter. Each of them 
has a low-order digit (TCBL: $00A, TLRL: $00A) and a high- 
order digit (TCBU: $00B, TLRU: $00B). 

The Timer/Event Counter can be initialized by writing data 
into the Timer Load Register. In this case, write the low-order 
digit first, and then the high-order digit. The Timer/Event 
Counter is initialized at the time when the high-order digit is 
written. The Timer Load Register will be initialized to $00 by 
the MCU reset. 

The counter value of TIMER-B can be obtained by reading 


PMR:$ 004 






TMA:$ 008 


>< frac} reaag 

TMA2I TMA 1IITMAO 

DX 
——>——- 








the Timer/Event Counter. In this case, read the high-order digit 
first, and then the low-order digit. The count value of low-order 
digit is latched at the time when the high-order digit is read. 


@ TIMER-A interrupt Request Flag (IFTA: $001, 2) 
The TIMER-A Interrupt Request Flag is set by the overflow 
output of TIMER-A. 


@ TIMER-A Interrupt Mask (IMTA: $001, 3) 
TIMER-A Interrupt Mask prevents an interrupt request 
generated by TIMER-A Interrupt Request Flag. 


Table 13. TIMER-A Interrupt Request Flag 








TIMER-A Interrupt 


Request Flag Interrupt Request 










TIMER-A Interrupt 
Mask 





Interrupt Request 


Enable 
Disable (Mask) 





@ TIMER-B Interrupt Request Flag (IF TB: $002, 0) 
The TIMER-B Interrupt Request Flag is set by the overflow 
output of TIMER-B. 


@ TIMER-B Interrupt Mask (IMTB: $002, 1) 


TIMER-B Interrupt Mask prevents an interrupt request 
generated by TIMERSB Interrupt Request Flag. 


SMR:$ 005 


ay 


—= Transfer clock selection 


Rao/SCK pin mode selection 


R,2/SO pin mode selection 
R,,/S! pin mode selection 
R3,/INT, pin mode selection 


R33/INT; pin mode selection 


TMB:$ 009 


TMB3/TMB2/TMB1/TMBO 


fans TIMER-B input clock selection 


Auto-reload function selection 


TIMER-A input clock selection 


Fig. 14 Mode Register Configuration and Function 
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Table 15. TIMER-B Interrupt Request Flag 








TIMER-B Interrupt 


Request Flag Interrupt Request 









TIMER-B Interrupt 
Mask 





Interrupt Request 






Enable 
Disable (Mask) 





@ INPUT/OUTPUT 

The MCU provides 58 Input/Output pins, and they are con- 
sist of 32 standard pins and 26 high voltage pins. Each standard 
pin may have one of three mask options: (A) “Without pull- 
up MOS (NMOS open drain)”, (B) “With pull-up MOS”, or 
(C) “CMOS”. And also each high voltage pin may have one 
of two mask options: (D) “Without pull-down MOS (PMOS 











PMOS(B) 
Pull up MOS (C) 


approximately 40k2 
to 160k2 


NMOS(A) 


approximately 1k2 







approximately 2502 
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open drain)”, or (E) “With pull-down MOS”. As pull-down 
MOS is connected to internal Vaisp line, select Rai/Vaisp pin 
as Vdisp with mask option when at least one high voltage pin is 
selected as “With pull-down MOS” option. 

When any Input/Output common pin is used as input pin, it 
is necessary to select the mask option and output data as shown 
in Table 18. 


© Output Circuit Operation of Standard Pins with “With pull- 
-up MOS” Option 

Fig. 15 shows the circuit used in the standard pins with 
“with pull-up MOS” option. 

By execution of the output instruction, the write pulse will 
be generated, and be applied to the addressed port. This pulse 
will turn “ON” the PMOS (B) to make the transient time 
shorten to obtain “‘High level’, if the output data is changed 
from “0” to “1”. In this case, the “write pulse” allows the 
PMOS (B) to turn “ON” as long as 1/8 instruction cycle. While 
“write pulse” is “O”, pull-up MOS (C) may retain the output 
in high level. 

The HLT signal becomes “0” in stop mode, so that MOS (A) 
(B) (C) turn “OFF”. 





| Write pulse 
(Output 


instruction) 







HL 






Data 


1 Instruction cycle 


Beis ete a ee eer oad eae 


Output instruction execution 
Write pulse of 


Fig. 15 Output Circuit Operation of Standard Pins with ‘‘with Pull-up MOS” Option 


243 


HMCS404C 


Table 17 1/O Pin Circuit Type 





Without pull-up MOS ‘ : 
(NMOS open drain) With pull-up MOS CMOS (C) Applied 
(A) (B) pins 


input 


write 
pulse 


HLT 


HLT 
output 


data 


Standard pins 


1/0 
common 


HLT 
Output 
data 


High voltage pins 





(Note) In the stop mode, HLT signal is ‘0’ and t/O pins are in high impedance state. 
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Do ~D3, 
R30 ~R33, 
Reo ~Ra3, 
Rso ~Rs3 


output 
data 


Applied pins 


(to be continued) 
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Applied pins 


Without pull-up MOS (NMOS open drain) 
or CMOS (A or C) 


HLT 
HLT+mode select 


With pull-up MOS (B) 


SCK 











HLT+mode select 





internal SCK internal SCK 


Standard pins 


(Note) in the stop mode, HLT signal is “0’’, HLT signal is “1’’ and 1/O pins are in high impedance state. 


Table 18 Data Input from Input/Output Common Pins 


vinna Possibility 
1/0 pi BILEUIT type 


COS [Wo 
Without pull-up 
MOS Yes 
(NMOS open drain) 
With pull-up MOS es 
es 
es 


Without pull-down pe | 
Y 









Available pin condition 
for input 


Standard 
pins 









High 





(PMOS open drain) 


With pull-down 
MOS 


MOS 
Y 
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@ D-port 

D-port is 1-bit 1/O port, and it has 16 Input/Output common 
pins. It can be set/reset by the SED/RED and SEDD/REDD 
instructions, and can be tested by the TD and TDD instructions. 
Table 17 shows the classification of standard pins, high voltage 
pins and the Input/Output pins circuit types. 


© R-port 

R-port is 4-bit I/O port. It provides 20 input/output com- 
mon pins, 16 output-only pins, and 6 input-only pins. Data 
input is processed using the LAR and LBR instructions and data 
output is processed using the LRA and LRB instructions. The 
MCU will not be affected by writing into the input-only and/or 





output-only and/or non-existing ports. 

The Rsz, Ras, Reo, Re: and Raz pins are also used as the INTo, 
INT:, SCK, SI and SO pins respectively. Table 17 shows the 
classification of standard pins, high voltage pins and Input/ 
Output pins circuit types. 


® RESET 

The MCU is reset by setting RESET pin to “1”. At power 
ON or recovering from stop mode, apply RESET input more 
than tre to obtain the necessary time for oscillator stabiliza- 
tion. In other cases, the MCU reset requires at least two instruc- 
tions cycle time of RESET input. 

Table 19 shows initialized items by MCU reset and each 


non-existing ports, invalid data will be read by reading from the 


Table 19 


Initial value by 
Items MCU reset 
Program counter (PC) 
Status (ST) 


Stack pointer (SP) 


(A) Without pull- 
up MOS 
Standard pin| (B) With pull-up 
MOS 


High voltage down MOS 
down MOS 


Port Mode Register (PMR) 
Serial Mode Register (SMR) 


Timer Mode Register A (TMA) 
Timer Mode Register B (TMB) 


Timer/Counter A (TCA) 


Timer/Event Counter B (TCB) 
Timer Load Register (TLR) 


(Note) MCU reset affects to the rest of registers as follows: 


1/0 pin 
output register 


pin 





Interrupt flag 


“0000"’ 
: “Q000” 
Mode register 


“0000’ , 
$00 


$00 
$00 


Timer/Counter, 
Serial interface 


ean After recovering from STOP mode 
by MCU reset 
Carry (CA) 
A I A 
“— chic al The contents of the items before 
B Register (B)| MCU reset are not retained. 
W Register (W)| It is necessary to intialize them 
X/SPX Registers (X/SPX) by software again. 
Y/SPY Registers (Y/SPY) 
Serial Data Register (SR)| Same as above 





The contents of RAM before MCU 
reset (just before STOP instruction) 
are retained. 


RAM 
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Status after reset. 


Initial Value by MCU Reset 


Contents 


Execute program from the top of ROM address. 
Enable to branch with conditional branch instructions. 
Stack level is 0. 


Enable to input. 


Enable to input 


Enable to input. 


Enable to input. 


Inhibit all interrupts. 

No interrupt request. 

Mask interrupt request. 

See Item “Port Mode Register’. 
See Item ‘Serial Mode Register”. 
See Item “Timer Mode Register A”’. 
See Item ‘Timer Mode Register B’’. 


After MCU reset except for 
the left condition 


The contents of the items before 
MCU reset are not retained. 


It is necessary to initialize them 
by software again. 


Same as above 


Same as above 
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@ INTERNAL OSCILLATOR CIRCUIT 


Fig. 16 gives internal oscillator circuit. The oscillator type 
can be selected from the followings; crystal oscillator, ceramic 


filter oscillator, or resistor oscillator as shown in Table 20. In 
any cases , external clock operation is available. 


Oscillator Divider Timing 


System 


(Selectable circuit generator clock 


with mask 1/8 circuit 
options) 





Fig. 16 Internal Oscillator Circuit 
@ Oscillator Circuit 


Table 20 Examples of Oscillator Circuit 


Circuit configuration Remarks 





Oscillator 
Osc, 
External clock 
operation 
Open Osc, 
R¢: 20kQ+2% 
Resistor 
oscillator 
Ceramic filter CSA4.00MG (Murata) 
Rf :1M2+2% 
Ceramic Ci : 30pF+20% 
Ceramic filter | filter C2 : 30pF+ 20% 
oscillator e Wiring between these pins and elements should be as short as possible, 
and never cross the other wirings. (Refer to Fig. 17) 
Rf: IMN+2% 
C1 :10~22pFt20% 
C2 :10~22pF+20% 
Crystal: ATcut parallel resonance crystal 
Crystal Co : 7pF max. 
oscillator Rg : 602 max. 
f :2.0~4.5MHz 
AT cut parallel resonance crystal © Wiring between these pins should be as short as possible, and 


never cross the other wirings. (Refer to Fig. 17} 


C, Rs 


osc, 


Co 





Note) Please consult with the engineers of crysta! or ceramic filter maker to determine the value of R¢, C, and C2. 
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GND) 


Nass’ 


Fig. 17 Recommendable Layout of Crystal and Ceramic Filter 





= LOW POWER DISSIPATION MODE 

The MCU provides two low power dissipation modes, that is, 
a Standby mode and a Stop mode. Table 21 shows the function 
of the low power dissipation mode, and Fig. 18 shows the 
diagram of the mode transition. 


Table 21 Low Power Dissipation Mode Function 











Low Power 


Dissipation Mode Oscillator 


Standby mode 


STOP 
instruction 





SBY : 
[| aoe [ae re 


Instruction Register, Interrupt 
execution Flag function 


ae [es [Re se 











imer, Recovering 
Input! Counter, method 
Output Seri 
pin erial 
Interface 
RESET Input, 








Interrupt request 


High*2! 


impedance RESET Input 





“1) Asthe MCU recovers from STOP mode by RESET input, the contents of the flags and registers are initialized according to Table 19. 
*2) A high voltage pin with a pull-down MOS option is pulled down to the Vdisp Power supply by the pull-down MOS. As the MOS is ON, a pull- 
down MOS current flows when a voltage difference between the pin and the Vaisp voltage exists. This is the additional current to the current dis- 


sipation in Stop Mode (Istqp). 


*3) Asa I/O circuit is active, a 1/O current possibly flows according the state of 1/O pin. This is the additional current to the current dissipation in 


Standby Mode (Iggy 3, Issy2)- 


="0° 


ras 
w 
” 
w 
i 4 





Fig. 18 MCU Operation Mode Transition 


© Standby Mode 
The SBY instruction puts the MCU into the Standby mode. 
In the Standby mode, the oscillator circuit is active and timer/ 
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counter and serial interface continue working. On the other 
hand, the CPU stops since the clock related to the instruction 
execution stops. Registers, RAM and Input/Output pins retain 
the state they had just before going into the Standby mode. 

The Standby mode is canceled by the MCU reset or interrupt 
request. When canceled by the interrupt request, the MCU 
becomes an active mode and executes the instruction next to 
the SBY instruction. At this time, if the Interrupt Enable Flag 
is “1”, the interrupt is executed. If the Interrupt Enable Flag 
is “0”, the interrupt request is held on and the normal instruc- 
tion execution continues. 

Fig. 19 shows the flowchart of the Standby Mode. 


®@ Stop Mode 

The STOP instruction brings the MCU into the Stop mode. 
In this mode the oscillator circuit and every function of the 
MCU stop. 

The Stop mode is canceled by the MCU reset. At this time, 
as shown in Fig. 20, apply the RESET input for more than tpc 
to get enough oscillator stabilization time. (Refer to the “AC 
CHARACTERISTICS”.) After the Stop mode is canceled, 
RAM retains the state it had just before going into the Stop 
mode, The other hand, Accumulator, B Register, W Register, 
X/SPX Registers, Y/SPY Registers, Carry and Serial Data 
Register don’t retain the contents. 


HMCS404C 


SBY 


Oscillator Active 

Peripheral Clocks 
Active 

All Other Clocks 

Stop 





<i 
SL VIA 
oe) ks 
or } 
Ta: 


Restart Restart 
Processor Clocks Processor Clocks 


No 


Yes (c) 


(A) (B) 
Execute Interrupt 


Fig. 19 MCU Operating Flowchart 


Stop mode 


pe 
Oscillator MM _, 


Internal clock oa ee 


RESET 
tres 


STOP instruction execution (more than stabilization time: tac) 







Pew ICUUUAVHAUU UATE ATAU 


Fig. 20 Timing Chart of Recovering from Stop Mode 
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® RAM ADDRESSING MODE 

As shown in Fig. 21, the MCU provides three RAM address- 
ing modes; Register Indirect Addressing, Direct Addressing and 
Memory Register Addressing. 


@ Register Indirect Addressing 


The combined 10-bit contents of W Register, X Register and 
Y Register is used as the RAM address in this mode. 


RAM Address 






@ Direct Addressing 

The direct addressing instruction consists of two words and 
the second word (10 bits) following Op-code (the first word) is 
used as the RAM address. 


@ Memory Register Addressing 

The Memory Register Addressing can access 16 digits 
(Memory Register: MR) from $020 to $02F by using the LAMR 
and XMRA instruction. 


W-Register X-Register Y -Register 


Ne a a NS Se eS 
ae 






(a) Register Indirect Addressing 


Instruction 1st Word 


Instruction 2nd Word 





RAM Address 


(b) Direct Addressing 


RAM Address 


SEIT TEA ET, | 
ort fala dn 
pele [arr eo |e 


Instruction 









(c) Memory Register Addressing 


Fig. 21 


RAM Addressing Mode 
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® ROM ADDRESSING MODE AND P INSTRUCTION 
The MCU has four kinds of ROM addressing modes as shown 
in Fig. 22. 


@ Direct Addressing Mode 

The program can branch to any addresses in the ROM 
memory space by using JMPL, BRL or CALL instruction. 
These instruction replace 14-bit program counter (PC;3 to 
PC.) with 14-bit immediate data. 


@ Current Page Addressing Mode 

MCU has 8 pages of ROM(256 words in each page).The pro- 
gram branches to the address in the same page using BR instruc- 
tion. This instruction replace the low-order eight bits of pro- 


Instruction 1st Word 
(JMPL) 
(BRL) 
(CALL) 






Pr een ee ee, ee ee 
op Code Ps P2 Pr Po dy ds dy de ds d, d3 d2 di do 


Program Counter |PCis PCiz PCa; PCio PCy PCs PC, PC, PCs PCy PCs PCz2 PC, PCo 


HMCS404C 
gram counter (PC, to PC,) with 8-bit immediate data. 


®@ Zero Page Addressing Mode 

The program branches to the zero page subroutine area, 
which is located on the address from $0000 to $003F, using 
CAL instruction. When CAL instruction is executed, 6-bit 
immediate data is placed in low-order six bits of program 
counter (PC, to PC,) and “‘0’s” are placed in high-order ei,at 
bits (PC,, to PC,). The branch destination by BR instruction 
on the broundary between pages is given in Fig. 24. 


@ Table Data Addressing 

The program branches to the address determined by the 
contents of the 4-bit immediate data, accumulator and B regis- 
ter, using TBR instruction. 


Instruction 2nd Word 





(a) Direct Addressing 






Program Counter ]PC,, PCi2 PCi: PCip PCo PCs PC, PC. PCs PCy PC3 PC, PC, PC 


Instruction 





OPCode|] b, bs bs bs b3 bz bi bo 


(b) Current Page Addressing 


Program Counter 


Instruction 





(c}) Zero Page Addressing 


Instruction 


(TBR) 


Program Counter JPCi, PCig PCa; PC io PCy PCa PC> PCy PCs PCy PCs PC PCi PCo 





(d) Table Data Addressing 


Fig. 22 ROM Addressing Mode 
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Instruction 


(P) 





Referred ROM Address 







B Register Accumulator 


> If ROg = 1 


(b) Pattern Output 


Fig. 23 


@ P Instruction 

The P instruction refers ROM data addressed by Table Data 
Addressing. ROM data addressed also determine its destination. 
When bit 8 in referred ROM data is “1”, 8 bits of referred 


256(n—1)+ 255 
256n 


256n + 254 
256n +255 
256in+ 1) 





Fig. 24 The Branch Destination by BR Instruction on 
the Boundary between Pages 


P Instruction 


ROM data are written into the accumulator and B Register. 

When bit 9 is “1”, 8 bits of referred ROM data are written into 

the R] and R2 port output register. When both bit 8 and 9 are 

“1”, ROM data are written into the accumulator and B Register 

and also to the R1 and R2 port output register at a same time. 
The P instruction has no effect on the program counter. 


8 INSTRUCTION SET 
The HMCS400 series provide 99 instructions. These instruc- 
tions are classified into 10 groups as follows; 
(1) Immediate Instruction 
(2) Register-to-Register Instruction 
(3) RAM Address Instruction 
(4) RAM Register Instruction 
(5) Arithmetic Instruction 
(6) Compare Instruction 
(7) RAM Bit Manipulation Instruction 
(8) ROM Address Instruction 
(9) Input/Output Instruction 
(10) Control Instruction 
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Table 22. Immediate Instruction 











MNEMONIC ; OPERATION CODE | FUNCTION | STATUS 






OPERATION 









i—A 


Load A from Immediate 











100011 is iz ii io 
dy dg ds ds d3 dz di do 


0 
LMIIV 11101001 isigit ip lO M.Y+1>Y 






Load B from Immediate 






Load Memory from Immediate 









Load Memory from !mmediate, Increment Y NZ 








Table 23. Register-to-Register Instruction 
























































OPERATION [ANEMONIC OPERATION CODE __| FUNCTION | STATUS ee 
Load A from B LAB 0001001 ooo] BA | ae] 
Load B from A LBA 0011001000 AB 1 
Load A from Y LAY 0010101111 YA | TI 
Load A from SPX LASPX 0001101000/— SPX=A V4 
Load A from MR LAMR m 100 1 141 1 m3meamimo} MRim)-A wed 
Exchange MR and A XMRA m 101 1 °=1 1 mamamimo!| MRim)-A 17/1 
Table 24. RAM Address Instruction 
pare aa | | WOR 
OPERATION MNEMONIC | OPERATION CODE | FUNCTION | STATUS pd : 

Load W from Immediate LWI i 001111 iz i2 i; ig iW 

Load X from Immediate LXI i 10001 0 is iz is io i—-X 

Load Y from Immediate LY! i 100001 is i2 is io iY 

Load X from A LXA 0011101000 A—=>X 

Load Y from A LYA 0011011000 A—-Y 

Increment Y IY 0001011100 Y+1—Y 

Decrement Y | DY —foo1101411t |] Y-1-¥ 

Add A to Y AYY 0001010100 Y+A>Y 

Subtract A from Y SYY 0011010100 Y-A—Y 

Exchange X and SPX 00000000 01 | X-+SPX 

Exchange Y and SPY 0000000010 YoSPY 














Exchange X and SPX,Y and SPY XSPXY 0000000011 | X+SPX,Y-SPY V1 


Table 25. RAM Register Instruction 









OPERATION MNEMONIC | OPERATION CODE FUNCTION 









Load A from Memory LAM(XY) |00100100yx M—A, (777S8*) 


Load A from Memory LAMD d [2 1 10910000 M—A 2/2 
Load B from Memory LBM(XY) [00010000yx | M-—>B, (x-Se%) V4 


Load Memory from A LMA(XY) [00100101yx AM, (¥:788%) 1/1 


0110010100 7 
Load Memory from A LMAD d eds bdedsd: ds di dite A-M 2/2 


Load Memory from A, Increment Y | LMAIY(X) |000101000x |A>M.Y+1—-Yix-sex| NZ | 

Load Memory from A, Decrement Y LMADY(X) |001101000x |A-M,Y—-1-Y«x.--spx) NB 

Exchange Memory and A XMA(XY) |00100000yx MA, (X77$2X) || v1 
07T0000000 MA 

Exchange Memory and A 2/2 

Exchange Memory and B XMB(XY) |00110000yx M-B, (¥—gpy) V1 
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Note) (XY) and (x) have the meaning as follows: 
(1) 


MNEMONIC FUNCTION 





X SPX, Y “SPY 


(2) 







FUNCTION 


X <*SPX 


Table 26. Arithmetic Instruction 





The instructions with (XY) have 4 mnemonics and 4 object codes for each. (example of LAM (XY) is given below.) 


The instructions with (x) have 2 mnemonics and 2 object codes for each. (example of LMAIY (X) is given below.) 




































































































































OPERATION MNEMONIC | OPERATION CODE | FUNCTION 
Add Immediate to A Al i 10100 Ois iz iy io A+i-A 
Increment B IB 0001001100 B+1-B 

= ane 
Decrement B DB 0011001111 B-1—B 
Decimal Adjust for Addition DAA 0010100110 
Decimal Adjust for Subtraction DAS 0010101010 
Negate A | NEGA [0001100000 | A+1-A 
Complement B COMB 0101000000 B—B 
Rotate Right A with Carry ROTR 0010100000 
Rotate Left A with Carry ROTL 0010100001 
Set Carry SEC 0011101111 1+CA 
Reset Carry REC 0011101100 0—CA 
Test Carry Tc 0001101111 
Add A to Memory | AM =——- [0000001000 M+A>A 
1 
Add A to Memory AMD 4 19492824999 | M+A-A 
Add A to Memory with Carry 0000011000 | M+A+CA>A 
i TOOOTI 
Add A to Memory with Carry AMCD ¢ | 91000 1 Ooo lm +A+CA-A| OVE | 2/2 
Subtract A from Memory with Carry | SMC 0010011000 | M—-A-CA-A NB 171 
Subtract A from Memory with Carry | SMCD d {9419911999 NB | 2/2 
OR A and B OR 0101000100 1/1 
AND Memory with A ANM 0010011100 NZ | V1 
; 01100111 

AND Memory with A ANMD d / 91 100 1 1199 | NZ | 2/2 
OR Memory with A 0000001100 NZ 1/1 
OR Memory with A ORMD d |91909001 199 NZ | 2/2 


EOR Memory with A 
EOR Memory with A 


EORMD d 


o leo) 


A2o 


000 00 
9 ds d7 ds ds da da d2 di do 


254 





+ 
A®DM-A NZ 2/2 


HMCS404C 


Table 27. Compare Instruction 















































































OPERATION MNEMONIC | OPERATION CODE | FUNCTION | STATUS ee 

immediate Not Equal to Memory 00001 0isizi io l igm Nz | 1/1 
— 

immediate Not Equal to Memory | INEMD id cas 0 ene g. i ig ve in| ieM NZ 2/2 
A Not Equal to Memory ANEM 0000000100 AaM NZ 1 
A Not Equal to Memory [ ANEMD 0 [Oooo kam | AeM Nz | 272 
B Not Equal to Memory BNEM 0001000100 B#M NZ 1/1 
Y Not Equal to immediate | YNEI i OOO11 Tisizirio | Yi NZ 1/1 
Immediate Less or Equal to Memory LEM i 0000 1 1 is i2 in to isM NB V1 
Immediate Less or Equal to Memory | ILEMD id | 9 i teats 42 ba, i | ise | NB 2/2 
A Less or Equal to Memory ALEM 0000010100 AsM NB 1/1 
A Less ¢ or Equal to Memory if ALEMD d CAREER | AM NB 2/2 
B Less or Equal to Memory BLEM 0011000100| Bsm | nB | 11 
A Less. or Equal to Immediate : 10101 1 i3 i2 is io Asi NB 141 








Table 28. RAM Bit Manipulation Instruction 













WOR 
MNEMONIC | OPERATION CODE | FUNCTION |STATUS pa e 
00100001Mino| 1—Min) | ray 


OPERATION 











Set Memory Bit SEM n 























. 110000 l 1 eal 
Set Memory Bit SEMD nd | 9 Yu Gedecucs drag | I> Min) | 2/2 
Reset Memory Bit 0010001 O0nino T o=Min) V/1 


Reset Memory Bit 5 de dy de o; O-M({n) 2/2 
Test Memory Bit 0010001 1 nino Min) V1 








0071 1 nino 
a ds Gi; Ga de Ga dg dp dae 






Test Memory Bit 2/2 











Table 29. ROM Address Instruction 
































WORD 
OPERATION MNEMONIC | OPERATION CODE | FUNCTION | STATUS ee 
CYCLE 
Branch on Status 1 BR b | 1.1 brbebsbabsbabibo 1 171 
0101 1 1 P3p2P1Ppo 
Long Branch on Status 1 BRL ou ds ds d7 de ds de d3 dy ds do | 1 2/2 
a a ears 
Long Jump Unconditional gmet_w [9.4,9,5,0,5, 530-8'59 | 272 
Subroutine Jump on Status 1 CAL a |01 1 1 a5a4a3a2a1a0 1 1/2 
Long Subroutine Jump on Status 1 | CALL u Ua ad Aen 1 2/2 
Table Branch TBR p |00101 1 pspz2pipo V1 
Return from Subroutine RTN 0000010000 1/3 
Return from Interrupt RTNI 0000010001 IIE | 1/3 





Table 30. Input/Output Instruction 
































OPERATION MNEMONIC | OPERATION CODE FUNCTION | STATUS ee ; 
Set Discrete 1/0 Latch SED 0011100100] 14py | 1/1 a 
Set Discrete 1/O Latch Direct SEDD m [1.0111 0 mamamimo| 1-Dim) | | V1 
Reset Discrete |/O Latch Soot to mment se t— 1/1 
Reset Discrete 1/O Latch Direct |} REDD m |}1 00 1 1 0 msmamimo 0--Di(m) = 1/1 
Test Discrete |/O Latch 1/1 
Test Discrete I/O Latch Direct 1010 1 0 mgmamimo 34 1/1 
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Table 31. Control Instruction 


WOR 
MNEMONIC | OPERATION CODE FUNCTION STATUS ad 
CYCLE 





OPERATION 













No Operation 
Start Serial 
Stand-by Mode 
Stop Mode 








Table 32. Op-Code Map 











Boao 
(ns) TE ae 














INEMD 
ILEMD 





























XMA(XY) SEM n(2) EM (2) 7 
LAM(XY) LMA(XY) 








[>|] of ole] >[ ef a] ~[o] a] +] o] | [0] =] m[ ol a] @| >] of | ~[o] a] #[ o] 9] -| of/// 8 


c 
emapvoy sm] ft 
ee 
i(4) 
i(4) 
i(4) 
i(4) 
i(4) 
m(4) 
m(4) 
REDD m(4)} 
LAMR m{4) 
LMILY i(4) 
TOD m(4)} 
ALE! i(4) 
LRB m(4) 
LRA m(4) 
PSE ws 
PMR 
if i Address wee 20 
Sos. Ea a a 
(2-word/2-cycle) 
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= MASK OPTION LIST 





@Family Name & HMCS404C Date of Order 
© Package O DP-64s O FP.64 
©1/O Circuit Type A; Without Pull-up MOS (NMOS Open Drain) 
ate [| Name sd 
B; With Pull-up MOS I “ROM Code Name] 
c; CMOS LS! Type Number 
D; Without Pull-down MOS (PMOS Open Drain) (Hitachi's entry) 
E; With Pull-down MOS 
















1/0 OPTION 


1/0 OPTION 


INPUT/OUTPUT INPUT/OUTPUT 


Input/Output 


Input/Output 


Input/Output 









Input/Output 
Input/Output 


Standard Pins 


Input/Output 
Input/Output 





Input/Output 
Input/Output 
Input/Output 


Input/Output Input/Output 


Input/Output 
Input/Output 
Input/Output 


High Voltage Pins 







Standard Pins 


| Outmut TT 
| wwe TT 
| | | 






om 
om 
_ 


*Rai/Vdisp(RA1) O Ray: Without Pull-down MOS (D) O Vgisp (VDISP) 














High Voltage Pins 






Le a ee a ae Fares eee ee ne eee ee 
~ 


2 D 
3 3 





®@ Oscillator (OSC) O Crystal or Ceramic Filter O Resistor Oscillator (RF) 
Oscillator (XTAL) 
® Divider (DIV) @ Divide-by-8 (D-8) 
@ROM Code Media © EPROM: Emulator Type © EPROM: EPROM On-Package Microcomputer Type 


Note 1) 1/0 Options masked by are not available. 
Note 2) Rai/Vdisp has to be selected as Vgisp pin exept the case that all High Voltage Pins are option D. 


HD614P080S 


The HD614P080S is a 4-bit single chip microcomputer 
which has mounted a standard EPROM 2764/27128 for pro- 
gram memory. 

The HD614P080S is pin-compatible with the mask ROM 
type HMCS404C/404AC, but has some differences with them as 
shown in Table 33. By modifying the program in the EPROM, 
it can be used for the evaluation of the HMCS404C/404AC, or 
for small-scale production. 





HD614P080S 


® HARDWARE FEATURES 
4-bit Architecture 
Applicable to 4k or 8k words x 10 bits of EPROM 
4096 words x 10 bits..... HN482764, HN27C64 
8192 words x 10 bits..... HN4827 128 
@ Data Memory (RAM) Capacity ........ 576 digits x 4 bits 
@ 58 1/O Pins — 26 I/O pins are high voltage up to 40V (max). 
@ 2 Timer/Counters 
11-bit Prescaler 
8-bit Free Running Counter 
8-bit Auto-reload Timer/Event Counter 
® Clocked Synchronous 8-bit Serial Interface 
@ 5 Interrupts 
External 2 
Timer/Counter 2 
Serial Interface 1 
@ Subroutine Stack 
Up to 16 levels including interrupts 
@ Minimum Instruction Execution Time; 1.33 ys 
@ 2 Low Power Modes 
Standby — Stops instruction execution while keeping 
clock generator and interrupt functions in- 
cluded Timer/Counter and Serial Interface in 
operation 
Stop — Stops instruction execution and clock genera- 
tion while retaining RAM data 
@ Clock Generator 
External Connection of Crystal Resonator or Ceramic 
Filter Resonator (externally drivable) 
@ Power Voltage Range; 5V + 10% 
1/0 Pin Circuit Form 
All standard pins are “without pull-up MOS”. 
All high voltage pins are “‘without pull-down MOS”. 
@ Shrink Type 64 Pin EPROM On-package 


SOFTWARE FEATURES 

Software Compatible with HMCS404C/404AC 

Instruction Set Similar to and More Powerful than HMCS40 

Series; 99 Instructions 

© High Programming Efficiency with 10-bit ROM/Word; 79 
instructions are: single word instructions. 

® Direct Branch to All ROM Area (Top View) 

Direct or Indirect Addressing to All RAM Area Binary and BCD Arithmetic Operation 

@ Subroutine Nesting Up to 16 Levels Including Interrupts Powerful Logic Arithmetic Operation 

Pattern Generation — Table Look Up Capability — 

Bit Manipulation for Both RAM and 1/O 


VERSATILE PROGRAM DEVELOPMENT SUPPORT 
TOOLS 

H68SD Series Macro Assembler 

® H68SD5-use Emulator (With Real Time Trace Function) 
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6S2 


Baal Res Raa/ Ras/  Ra2/ RESET TEST OSC D 
SCKSI SO TNT: INTo 1 OSC2 VecGN 


iowa ee ae ay 






WV¥SVIC 10018 «= 









ae) 























ae aise fm => — = 
Rao 
ee 4 ay SERIAL | timer | TIMER EXTERNAL 
A B INTERRUPT 
Ro3 
1 
aa INTERRUPT CONTROL 
; i] 
Upper | EPROM | 
Reo (Sbits) | i 
: 1 Oa~O« [HN482764 i 
Res ; ower 1 HN27C64 { 
bit 
> ay RAM 576x4bit os HN4827128) || 
Rei 
sp 1 Ai~A13 Ao ; 
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® ABSOLUTE MAXIMUM RATINGS 


Supy Vokane a 
ease ae ees 
Vee =48 6 Ver «03 |v 
Total Allowance of Input Currents Be a ee ee ee 5 
Total Allowance of Output Currents | -Zlo | 150 Tm 6 
Maximum Input Current es a a 
See RR ROE 
Maximum Output Current == 9,11 
ee 
Onan Farr ae a 
Serge Teer [eg | aes 


(Notet) Permanent damage may occur if “Absolute Maximum Ratings”’of the LSI or the EPROM are exceeded. Normal operation should be 
under the conditions of ‘Electrical Characteristics’. If these conditions are exceeded, it may cause the malfunction and affect the 
reliability of LSI. 

(Note 2) Al! voltages are with respect to GND. 

(Note 3) Applied to standard pins. 

(Note 4) Applied to high voltage 1/0 pins. 

(Note 5) Total allowance of input current is the total sum of input current which flow in from all I/O pins to GND simultaneously. 

(Note 6) Total allowance of output current is the total sum of the output current which flow out from Vcc to all shed pins simultaneously. 

(Note 7) Maximum input current is the maximum amount of input current from each I/O pin to GND. 

(Note 8) Applied to Do ~ D3; and R3 ~ R8. 

(Note 9) Maximum output current is the maximum amount of output current from Vcc to each I/O pin. 

(Note 10) Applied to Dp ~ Ds and R3 ~ R8. 

(Note 11) Applied to RO ~ R2. 

(Note 12) Applied to D, ~ Dis. 


@ RECOMMENDED APPLICABLE EPROM 


Type No. Program Memory Capacity 


4096 words 
HD614P080S 


8192 words 









EPROM Type No 


HN27C64-30 
HN482764-3 


HN27C64-25 
HN482764 








HN4827 128-45 
HN4827 128-25 
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@ ELECTRICAL CHARACTERISTICS 
@ DC CHARACTERISTICS (Vcc = 4.5V to 5.5V, GND = OV, Ta = -20 to +75°C, if not specified.) 


Value 
Item Symbol Test Conditions | Vaue Unit Note 
jPnname | Testconaions | | typ [max | 
RESET, SCK, 
INTo, INT 
| | 


Input ‘High’ V 


Voltage y 


a 
y 


Input “Low” 
Voltage Vit 


Output ‘‘High”’ 















































Voltage Vou Vec-0.3 
Output ‘‘Low” 
Voltage Vou 
Input/Output ete. 
Leakage Current ie | Vin = OV to Vec : 
Crystal or 
Current Ceramic 
Dissipation in lec Vec Vcc = 5V pet : 2,5 
Operation Mode f A aaiis 
osc ~ 
Maximum nha 
Logic F 
ue ce Operation ae 2 
Current Vec = 5V fose = 4MHz 
Dissipation in Crvstal 
Standby Mode Minimum bigs 
Logic : 
ENE 1E Operation as uae ie “e 
Voc = 8V | 6 = 4MHz 
Current Vin (TEST) = Voc 
Dissipation in Vcc ~ Vec-0.3V LA 
Stop Mode Vin (RESET) =O ~ 0.3V 
Stop Mode 


(Note 1) Output buffer current are excluded. 
(Note 2) The MCU is in the reset state. The input/output current does not flow. 
Test Conditions: MCU state; © Reset state in Operation Mode 
Pin state; @ RESET, TEST — Ve voltage 
@ Do ~D3, R3~R9I — Ve voltage 
@D.~Dis, RO~R2, Rao, Rai — Voc ~Vcc-40V 
(Note 3) The timer/counter with the fastest clock and input/output current does not flow. 
Test Conditions: MCU state; ® Standby Mode 
® Input/Output; Reset state 
@ TIMER-A; +2 prescaler divide ratio 
@ TIMER-B; +2 prescaler divide ratio 
®@ SERIAL; Stop 
Pin state; ®@ RESET — GND voltage 
®@ TEST — Vor voltage 
®D.~D3;, R3~R9 - Veg voltage 
©D.~Dis, RO~R2, Rag. Ray — Voc ~ Vec-40V 
(Note 4) The timer/counter with the slowest clock and input/output current does not flow. 
Test Conditions: MCU state; ® Standby Mode 
® Input/Output; Reset state 
©@ TIMER-A; +2048 prescaler divide ratio 
© TIMER-B; +2048 prescaler divide ratio 
®@ SERIAL; Stop 
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Pin state; ® RESET — GND voltage 
@ TEST — Vcc voltage 
®D.~D;, R3~R9 — Vee voltage 
©0,4~Dis, RO~R2, Rag, Ray — Voc ~ Voc-40V 
(Note 5) The consumption of current in operation and standby mode is proportional to fose. When fogc = x [MHz], 
the value of each current is calculated as follows. 


max. value (foge = x) =-+ x max, value (fogo = 4 [MHz] ). 


@ INPUT/OUTPUT CHARACTERISTICS FOR STANDARD PIN 
(Vec = 4.5V to 5.5V, GND = OV, Ta = -20 to +75°C, if not specified.) 


Value 

Simbel | Pinneme | Terconatins [NE nt 
Do ~ D3, 

Romie | [ene | = [reo [| 

V Do ~ Ds, 
IL R3 ~ R5, RY 

Do ~ D3, - 
Do ~ D3, 


(Note 1) Output buffer current are excluded. 




















Input “High” 
Voltage 





Input “Low” 
Voltage 


Output ‘‘Low”’ 
Voltage 







Input/Output 
Leakage Current 


@ INPUT/OUTPUT CHARACTERISTICS FOR HIGH VOLTAGE PIN 
(Vcc = 4.5V to 5.5V, GND = OV, Ta = -20 to +75°C, if not specified.) 


jsrment | Pneme | Tetcondions | 
V Da ~ Dis, R1 
IH | R2, Rao. Ray : 
Da ~ Dis, R1 
Vv A 
OMT RO~ R2 : 
VoL 


Da ~D 
S Vou ap AD 150kQ to Vec-40V Vec-37 


Wiel 


(Note 1) Output buffer current are excluded. 





Input ‘‘High”’ 
Voltage 











Input ‘‘Low” 
Voltage 


Output “High” 
Voltage 


Output “‘Low”’ 
Voltage 











Input/Output 
Leakage 
Current 






Vin = Vec-40V to Voc 
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@ AC CHARACTERISTICS (Vcc = 4.5V to 5.5V, GND = OV, Ta= -20 to +75°C, if not specified.) 


Test Value 
Item Symbol i Unit Note 


Oscillation Frequency 


Instruction Cycle Time teye 


Oscillator Stabilization 
Time 


~ 
o 
N NO 
7) 
AO = 


ne) 


OSC,, OSC; MHz 


~~ | O 
oOltn 


Crystal 
Resonator 







OSC,, OSC, 


yy 





ad 

RS 
~ 
a 


OSC,, OSC; MHz 


Oscillation Frequency 





Instruction Cycle Time teye us 











Oscillator Stabilization 
Time 


Ceramic Filter 
Resonator 


ft 
nin 
8/8 


OSC,, OSC, 








External Clock Frequency 
External Clock “High” 


top 6.2 MHz 2 











x 

8 Level Width tcey 

o External Clock ‘“‘Low” 

© | Level Width tpt OSC, 
a ten OSC, 
torr OSC, 





= 
a 








INTo “High” Level Width tioH INTo 
INTo “Low” Level Width tio. INTo 


INT: “Low” LevelWiath [ta | NTH 
RESET “High” Level Width RESET 


: f=1MHz 
input Capacitance 
: P ' Sn | ating | Vin B oY 


Reset Fall Time 


(Note 1) Oscillator stabilization time is the time until the oscillator stabilizes after Vcc reaches 4.5V at ‘‘Power-on’’, or after RESET 
input level goes to “High” by resetting to quit the stop mode by MCU reset on the circuits below. When using crystal or 
ceramic filter oscillator, please ask a crystal oscillator maker's or ceramic filter maker's advice because oscillator stabilization 
time depends on the circuit constant and stray capacity. 


Siw |W) WWI NID] ND] & 




















(Note 2) 
osc, 
tcPr tcf 
Crystal: 6.0 [MHz] (Note 3) 
NC-18C (Nihon Denpa Kogyo) 
Re = 1 (MQ] + 2%, Ci = C2 = 20 [pF] +20% 
Ceramic: (Note 4) 
filter RESET 
GND 
Ceramic filter: CSA6.0OMG (Murata) 
R¢= 1 (MQ) +2%,C,=C, = 30 [pF] + 20% 
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®@ SERIAL INTERFACE TIMING CHARACTERISTICS 
(Veg = 4.5V to 5.5V, GND = OV, Ta = -20 to +75°C, if not specified.) 


* At Transfer Clock Output 


Item 


Transfer Clock Cycle Time 


Transfer Clock “High” 
Level Width 


Transfer Clock “Low” 
Level Width 


Transfer Clock Rise Time 
Transfer Clock Falt Time 


Serial Output Data 
Delay Time 


Serial Input Data Set-up Time 
Serial input Data Hold Time 


* At Transfer Clock Input 


Item 


Transfer Clock Cycle Time 


Transfer Clock ‘‘High” 
Level Width 


Transfer Clock ‘‘Low” 
Level Width 


Transfer Clock Rise Time 
Transfer Clock Fall Time 


Serial Output Data 
Delay Time 


Serial Input Data Set-up Time 
Serial Input Data Hold Time 





| tseye [| SCK | (Note2) | 1 | - | - | tae | 12 
fe [Rowe fos [= [= [om | 
few [ee [oom [oe [= | = [om | 
sce [SR [Woe [= me 42 
|tscxe | SCK | (Note2) | - | - | 100 | ms | 1,2 
jm [fmm | = [= fm [= | 
[ts | St | 0s s|@_— = | = ls tt 
[ts | st | CT 80 | - | - [os [ 
Se 
ae a: eee ee Ts ae ae ee 
ee 
= | f#f-|-[=|- 
| tscr _| ee a ee ee 
[tscxt_| SC a ee ee 
fo [oma | -|-[af= [os 
a ee ee ee ee ee 
jus | St Tt = TK ls 


(Note 1) Timing Diagram of Serial Interface 


SCK Vec ~2.0V(0.7 Vcc] 
0.8V(0.22Vcc) * 


so 


St 






* Vcc~2.0V and 0.8V are the threshold voltage for transfer clock output, 
0.7Vcc and 0.22 Vcc are the threshold voltage for transfer clock input. 


(Note 2) Timing Load Circuit 
Vec 
Ry =2.6kQ 
Test 
Point 
c R 1$2074@ 
30pF 4 J 12k9 F OF Equiv. 
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@ CHARACTERISTICS CURVE (REFERENCE DATA) 


Igco(mA) 





fosc( MHz) 


lec vs. fosc characteristic 
(crystal, ceramic resonator) 


Vec(V) 


lec vs. Vec characteristic 
(crystal, ceramic resonator) 


Ta=—-20~+75T 
fosc = 4MHz 


Isavs, Isav2(mMA) 


Ispy1, Isev2(mA) 





fosc( MHz) Vec(V) 


Ispy VS. fog, characteristics 


Ispy vs. Vcc characteristics 
(crystal, ceramic resonator) 


(crystal, ceramic resonator) 


Joi min. (mA) 
10H min. (mA) 





0 2 3 
Vo.lv) Vec—VoH (Vv) 
lo: min. vs. Vo_ characteristics —lon min. vs. (Vcc—V oH) characteristics 
(Standard Pin) 


(Da ~ Dis pins) 
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—loH min. (mA) 





Vec—-Vou(V) 
—lon min. vs. (Voc—Vox) characteristics 
(RO ~ R2 pins) 


® DESCRIPTION OF PIN FUNCTIONS 
Input and output signals of MCU are described below. 


®@ GND, Vcc. Vdisp 

These are power supply pins. Connect GND pin to Earth 
(OV) and apply Voc power supply voltage to Voc pin. Rai/ 
Vai pins are used for Ra as all high voltage pins are “with- 
out pull-down MOS” (PMOS open drain). 


e TEST 
TEST pin is not for users application. Connect it to Voc. 


e@ RESET 
RESET pin is used to reset MCU. For details, see “RESET”. 


e@ OSC:i, OSC2 

These are input pins to the internal clock generator circuit. 
They can be connected to crystal resonator, ceramic filter reso- 
nator, or external oscillator circuit. For details, see “INTER- 
NAL OSCILLATOR CIRCUIT.” 


@ D-port (Do to Dis) 
D-port is a 1-bit Input/Output common port. Do to Ds are 
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standard type, Da to Dis are for high voltage. For details, see 
“INPUT/OUTPUT”. 


® R-port (RO to RA) 

R-port is a 4-bit Input/Output port. (only RA is 2-bit con- 
struction.) RO and R6 to R8 are output ports, R9 to RA are 
input ports, and R1 to R5 are Input/Output common ports, 
RO to R2 and RA are the high voltage ports, R3 to R9 are the 
standard ports. R32, Ras, Reo, Rai, and Rez are also available 
as INTo, INT1, SCK, SI and SO respectively. For details, see 
“INPUT/OUTPUT”. 


@ INTo, INT: 

These are the input pins to interrupt MCU operation exter- 
nally. INTi_can be used as an external event input pin for 
TIMER-B. INTo and INT: are also available as R32, and R33 
respectively. For details, see “INTERRUPT”. 


e SCK,SI,SO — 

These are transfer clock I/O pin (SCK), serial data input pin 
(SI) and serial data output pin (SO) used for serial interface. 
SCK, SI and SO are also available as Reo, Rai, and Rez respec- 
tively. For details, see “SERIAL INTERFACE”. 


m@ ROM MEMORY MAP 
ROM memory map is illustrated in Fig. 1 and described in 
the following paragraph. 


© Vector Address Area ..... $0000 to $000F 

When MCU reset or an interrupt is serviced, the program is 
executed from the vector address. Program the JMPL instruc- 
tions branching to the starting addresses of reset routine or 
of interrupt routines. 


@ Zero-Page Subroutine Area $0000 to $003F 
CAL instruction allows to branch to the subroutines in 
$0000 to $003F. 


© Pattern Area ..... $0000 to SOF FF 
P instruction allows referring to the ROM data in $0000 to 
$OFFF as a pattern. 


$0000 to $1FFF 


@ Program Area 


EPROM ADDRESS 





MCU ROM ADDRESS 
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0000 |])}] 0 bid, bt3 , bit2_, bit bit | lower § bit] 004, JMPL Instruction $0000 
$0001 upper 5 bit {Jump to RESET Routine) $0001 
JMPL Instruction $0002 
Vector Address (Jump to INTo Routine) $0003 
$OO1F $000F JMPL Instruction $0004 
$0020 $0010 {Jump to INT Routine) $0005 
Zero-Page Subroutine rie ebireeel $0006 
(64 Words) ump to TIMER-A Routine) $0007 
JMPL Instruction $0008 
$007k (Jump to TIMER-B Routine) $0009 
$0080 +d 0008 
Pattern Po $0008 
(4096 Words) JMPL Instruction $000C 
(Jump to SERIAL Routine) $000D 
ein J S000 
$ 2000 PF s 0 0F 
Program 
(8192 Words) 
$ 3FFF 
EPS SO 
NOT USED 
(Set to ‘’000"’) 
Fig. 1 ROM Memory Map 
0 $000 
RAM-mapped Registers Interrupt Control Bits $001 
31 $002 
32 $003 
Memory Registers(MR) 4] Port Mode Reg. (PMR) | WwW $004 
AA eee Se ene ae ee Oe a Ce 5 | Serial Mode Reg. (SMR): W_ | $005 
48 6] Serial Data Reg. Lower (SRL) | RAW | $006 
7 | Serial Data Reg. Upper (SRU) | R/W | $007 
8} Timer Mode Reg. A (TMA): W_ |} $008 
(512 Digits) 9} Timer Mode Reg. B (TMB); W_ | $009 
TCBL/TLAL) | R, A 
10 Tice” ( / ) + RW | $00 
543 cr) ({TCBU/TLRU) } RAW | $008 
544 12 $00C 
959 
960 
Stack $O1F 
(64 Digits) 
1023 
* Two registers are mapped on same address. 
R : Read Only 
W : Write Only Timer/Event Counter B Lower (TCBL) | Timer Load Reg. Lower (TLRL) Low | $OOA 
R/W : Read/Write 
Timer /Event Counter B Upper (TCBU) ES Timer Load Reg. Upper (TLRU) | ow | $008 





Fig. 2 RAM Memory Map 


® RAM MEMORY MAP 
The MCU includes 576 digits x 4 bits RAM as the data area 
and stack area. In addition to these areas, interrupt control bits 


and special registers are also mapped on the RAM memory 
space. RAM memory map is illustrated in Fig. 2 and described 
in the following paragraph. 


267 


HD614P080S 
bit 3 bit 2 
IMO IFO 

(IM of INT) (IF of INT) 


IMTA IFTA 
(IM of TIMER-A) (IF of TIMER-A) 
natures | Nor uses | 






3 
1F : Interrupt Request Flag 
IM_ : Interrupt Mask 
VE : Interrupt Enable Flag 


SP : Stack Pointer 


RSP (YE 
(IM of INT,) (IF of INT,) 
(IM of TIMER-B) (IF of TIMER -B) 





bit 1 bit 0 






$000 


$001 


$002 


$003 


(Note) Each bit in Interrupt Control Bits Area is set by SEM/SEMD instruction, is reset by REM/REMD instruction and is tested by TM/TMD 
instruction. It is not affected by other instructions. Furthermore, Interrupt Request Flag is not affected by SEM/SEMD instruction. 
The content of Status becomes invarid when “RSP” bit and ‘Not Used” bit is tested. 


Fig. 3 Configuration of Interrupt Control Bit Area 


@ Interrupt Control Bit Area ..... $000 to $003 

This area is used for interrupt controls, and is illustrated in 
Fig. 3. It is accessable only by RAM bit manipulation instruc- 
tion. However, the interrupt request flag cannot be set by soft- 
ware. The RSP bit is only used to reset the SP. 


@ Special Register Area ..... $004 to $00B 

Special Register is a mode or a data register for the external 
interrupt, the serial interface, and the timer/counter. These 
registers are classified into 3 types: Write-only, Read-only, and 
Read/Write as shown in Fig. 2. These registers cannot be 
accessed by RAM bit manipulation instruction. 


@ Data Area ..... $020 to $21F 


Memory Registers Stack Area 








$020 6° ace 
$ 021 
$ 022 
$ 023 
$ 024 
$ 025 
$ 026 
$ 027 
$ 028 
$ 029 
$ 02A 
$ 028 
$ 02C 
$ 02D 
$ 02E 
$ O2F 1023 


PC13 to PCg; Program Counter 
ST; Status 
CA; Carry 





16 digits of $020 to $02F are called memory register (MR) 
and accessable by LAMR and XMRA instructions. 


@ Stack Area .... $3CO to $3FF 

Stack Area is used for LIFO stacks with the contents of the 
program counter (PC), status (ST) and carry (CA) when process- 
ing subroutine call and interrupt. As 1 level requires 4 digits, 
this stack area is nested to 16 level-stack max. The data pushed 
in the stack and LIFO stack state are provided in Fig. 4. The 
program counter is restored by RTN and RTNI instructions. 
Status and Carry are restored only by RTNI instruction, and 
not affected by RTN instruction. The area, not used for stack- 
ing, is available as a data area. 


bit3 bit2 





bit1 


Fig. 4 Configuration of Memory Register, Stack Area and Stack Position 


® REGISTER AND FLAG 

The MCU has nine registers and two flags for the CPU opera- 
tions. They are illustrated in Fig. 5 and described in the follow- 
ing paragraphs. 


® Accumulator (A), B Register (B) 

Accumulator and B Register are 4-bit registers used to hold 
the results of Arithmetic Logic Unit (ALU), and to transfer data 
to/from memories, I/O and other registers. 


© W Register (W), X Register (X), Y Register (Y) 

W Register is 2-bit, and X and Y Register are 4-bit registers 
used for indirect addressing of RAM. Y register is also used 
for D-port addressing. 


@ SPX Register (SPX), SPY Register (SPY) 
SPX and SPY Register are 4-bit registers used to assist X and 
Y Register respectively. 


@ Carry (CA) 
Carry (CA) stores the overflow of ALU generated by the 
arithmetic operation. It is also affected by SEC, REC, ROTL and 


ROTR instructions. 
During interrupt servicing, Carry is pushed onto the stack 


and restored back from the stack by RTNI instruction. (It’s not 
affected by RTN instruction.) 


© Status (ST) 

Status (ST) holds the ALU overflow, ALU non-zero and the 
results of bit test instruction for the arithmetic or compare in- 
struction. It is used for a branch condition of BR, BRL, CAL or 
CALL instructions. The value of the Status remains unchanged 
until the next arithmetic, compare or bit test instruction is ex- 
ecuted. Status becomes “1” after the BR, BRL, CAL or CALL 
instruction has been executed (irrespective of its execution/ 
skip). During the interrupt servicing, Status is pushed onto the 


(ee Accumulator 


Stotus 


Peogeam 
Counter 
9 5 


Stack 
Pomter 


Fig. 5 Register and Flags 
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stack and restored back from the stack by RTNI instruction. 
(It’s not affected by RTN instruction.) 


®@ Program Counter (PC) 
Program Counter is a 14-bit binary counter for ROM address- 
ing. 


@ Stack Pointer (SP) 

Stack Pointer is used to point the address of the next stack- 
ing area up to 16 levels. 

The Stack Pointer is initialized to locate $3FF on the RAM 
address, and is decremented by 4 as data pushed into the stack, 
and incremented by 4 as data restored back from the stack. 


8 INTERRUPT 

The MCU can be interrupted by five different sources: the 
external signals (INTo, INT,), timer/counter (TIMER-A, 
TIMER-B), and serial interface (SERIAL). In each sources, 
the Interrupt Request Flag, Interrupt Mask and interrupt vector 
address will be used to control and maintain the interrupt re- 
quest. The Interrupt Enable Flag is also used to control the 
total interrupt operations. 





@ Interrupt Control Bit and Interrupt Service 

The interrupt control bit is mapped on $000 to $003 of the 
RAM address and accessable by RAM bit manipulation instruc- 
tion. (The Interrupt Request Flag (IF) cannot be set by soft- 
ware.) The Interrupt Enable Flag (1/E) and Interrupt Request 
Flag (IF) are set to “0”, and the Interrupt Mask (IM) is set to 
“1” at the initialization by MCU reset. 

Fig. 6 shows the interrupt block diagram. Table | shows the 
interrupt priority and vector addresses, and Table 2 shows the 
conditions that the interrupt service is executed by any one of 
the five interrupt sources. 

The interrupt request is generated when the Interrupt Re- 
quest Flag is set to “‘1‘* and the Interrupt Mask is ‘‘0”’. If the 
Interrupt Enable Flag is “1“, then the interrupt will be activated 
and vector addresses will be generated from the priority PLA 
corresponding to the five interrupt sources. 

Fig. 7 shows the interrupt services sequence, and Fig. 8 
shows the interrupt flowchart. If the interrupt is requested, the 
instruction finishes its execution in the first cycle. The Inter- 
rupt Enable Flag is reset in the second cycle. In the second and 
third cycles, the Carry, Status and Program Counter are pushed 
onto the stack. In the third cycle, the instruction is executed 
again after jumping to the vector address. 

In each vector address, program JMPL instruction to branch 
to a starting address of the interrupt routine. The Interrupt 
Request Flag which caused the interrupt service has to be reset 
by software in the interrupt routine. 
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$000.0 


$ 000.2 

$ 000,3 ep 

$001.0 

$001.1 we 
° 


$001.2 


gD 


$002.0 


$002.1 is) 
Q 


$ 003.0 


$003.1 |) 





Sequence Control 
- Push PC/CA/ST 
Dak. 


- Jump to Vector 


7 - 





Vector 


el 
=] Priority PLA Address 


Fig.6 Interrupt Circuit Block Diagram 


Table 1. Vector Addresses and Interrupt Priority 


Reset - Interrupt 


Vector addresses 
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* Don't care 


ee ee Oe Lar Os0s. 


Instruction 


Cycles 


Instruction 
execution 


Stacking, 
Vector address 
is generated 


Interrupt 


Stacking, 


accepted Reset of I/E 


Fig. 7. Interrupt Servicing Sequence 


@ Interrupt Enable Flag (1/E: $000,0) 

The Interrupt Enable Flag controls enable/disable of all inter- 
rupt requests as shown in Table 3. The Interrupt Enable Flag is 
reset by the interrupt servicing and set by RTNI instruction. 


Table 3. Interrupt Enable Flag 


Interrupt Enable Flag Interrupt Enable/Disable 
Disable 


Enable 





© External Interrupt (INT), INT; ) _ = 

To use external interrupt, select R32/INTo, R33/INT, port 
for INTo, INT; mode by setting the Port Mode Register (PMR: 
$004). 

The External Interrupt Request Flags (IFO, IF1) are set at 
the falling edge of INTp, INT, inputs. 

INT, input can be used as a clock signal input of TIMER-B. 
Then, TIMER-B counts up at each falling edge of input. When 
using INT, as TIMER-B external event, an External Interrupt 
Mask (IM1) has to be set so that the interrupt request by INT: 
will not be accepted. 














®@ External Interrupt Request Flag (IFO: $000,2, 1F 1: $001,0) 
The External Interrupt Request Flags (IFO, IF1) are set at 
the falling edges of INT), INT, inputs respectively. 





© External Interrupt Mask (IMO: $000,3, IM1: $001,1) 
The External Interrupt Mask is used to mask the external 
interrupt requests. 


Table 4. External Interrupt Request Flag 


External Interrupt Request Flags 


Interrupt Requests 








JMPL instruction execution on the 
vector address 


Instruction 
Execution at 
starting address 


of the interrupt 
routine 





Table 5. External Interrupt Mask 


External Interrupt Masks interrupt Requests 


Enable 
Disable (masks) 





© Port Mode Register (PMR: $004) 

The Port Mode Register is a 4-bit write-only register which 
controls the R32/INTp pin, R33/INT, pin, Ra/SI pin and 
R,4,/SO pin as shown in Table 6. The Port Mode Register will 
be initialized to $0 by MCU reset, so that all these pins are set 
to a port mode. 


Table 6. Port Mode Register 






R33/INT, pin 





Used as R33 port input/output pin 
Used as INT, input pin 






R3,/INTo pin 










Used as R32 port input/output pin 
Used as INTg input pin 


Rai /S\ pin 











Used as R4, port input/output pin 
Used as SI input pin 





Ry2/SO pin 





Used as Ra port input/output pin 
Used as SO output pin 
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Yes 
(C) 
Execute Interrupt 
Instruction Accept 






1/E-—*0” 


Stack<(PC) 
Stack-(CA) 
Stack—(ST) 


PC-—(PC)+1 


PC--$ 0002 
PC--$ 0004 


(SERIAL Interrupt) 


Fig.8 Interrupt Servicing Flowchart 
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® SERIAL INTERFACE 

The serial interface is used to transmit/receive 8-bit data 
serially. This consists of the Serial Data Register, the Serial 
Mode Register, the Octal Counter and the multiplexer, as illus- 
trated in Fig. 9. Pin R4o/SCK and the transfer clock signal are 
controlled by the Serial Mode Register. Contents of the Serial 
Data Register can be written into or read out by the software. 
The data in the Serial Data Register can be shifted synchronous- 












ly with the transfer clock signal. 

The serial interface operation is initiated with STS instruc- 
tion. The Octal Counter is reset to $0 by STS instruction. It 
starts to count at the falling edge of the transfer clock (SCK) 
signal and increments by one at the rising edge of the SCK. 
When the Octal Counter is reset to $0 after eight transfer clock 
signals, or discontinued transmit/receive operation by resetting 
the Octal Counter, the SERIAL Interrupt Request Flag will be 
set. 


OC(3bit) 
OCTAL 
COUNTER 






INTERRUPT 
REQUEST FLAG 
of SERIAL INTER- 
FACE 








SCK 


SR (8 bit) 
SERIAL DATA REGISTER el 
INTERNAL BUS LINE  (S2) 







Fig.9 Serial Interface Block Diagram 


®@ Serial Mode Register (SMR: $005) 

The Serial Mode Register is a 4-bit write-only register. This 
register controls the R4o/SCK and the prescaler divide ratio as 
the transfer clock source as shown in Table 7. 

The Write Signal to the Serial Mode Register controls the 
operating state of serial interface. 

The Write Signal to the Serial Mode Register stops the 
transfer clock applied to the Serial Data Register and the Octal 
Counter. And it also reset the Octal Counter to $0 simul- 
taneously. 

When the Serial Interface is in the “Transfer State”, the Write 
Signal to the Serial Mode Register causes to quit the data 
transfer and to set the SERIAL Interrupt Request Flag. 

Contents of the Serial Mode Register will be changed on the 
second instruction cycle after writing into the Serial Mode 
Register. Therefore, it will be necessary to execute the STS 
instruction after the data in the Serial Mode Register has been 
changed completely. The Serial Mode Register will be reset to 


$0 by MCU reset. 


© Serial Data Register (SRL: $006, SRU: $007) 

The Serial Data Register is an 8-bit read/write register. It 
consists of a low-order digit (SRL:$006) and a high-order digit 
(SRU: $007). 

The data in the Serial Data Register will be output from the 
LSB side at SO pin synchronously with the falling edge of the 
transfer clock signal. At the same time, external data will be 
input from the LSB side at SI pin to the Serial Data Register 
synchronously with the rising edge of the transfer clock. Fig. 
10 shows the I/O timing chart for the transfer clock signal and 
the data. 

The writing into/reading from the Serial Data Register during 
its shifting causes the validity of the data. 

Therefore complete data transmit/receive before writing 
into/reading from the serial data register. 
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Table 7. Serial Mode Register 









Used as Rao port input/output pin 
Used as SCK input/output pin 








SMR Transfer Clock 
; Prescaler System Clock 
Bit 2 Rao/SCK Port Clock Source Divide Divide 
Ratio Ratio 
0 CK Prescaler + 2048 : 
Output esc + 4096 
SCK 
ee 
1 cad System 
2 1 
Output Clock 
; Lt. SCK External 
Input Clock ~ 


(In the case of SMR Bit 3 = 1) 


Transfer Clock CSA bE 3 


3 4 5 6 7 8 


Serial Output Data 





Serial Input Data 
Latch Timing 


Fig. 10 Serial Interface 1/O Timing Chart 


@ SERIAL Interrupt Request Flag (IFS: $003, 0) 

The SERIAL Interrupt Request Flag will be set after the 
eight transfer clock signals or transmit/receive discontinued 
operation by resetting the Octal Counter. 


@ SERIAL Interrupt Mask (IMS: $003, 1) 
The SERIAL Interrupt Mask masks the interrupt request. 


Table 8. SERIAL Interrupt Request Flag 


Interrupt Request 


SERIAL Interrupt Request Flag 





Table 9. SERIAL Interrupt Mask 









SERIAL Interrupt Mask Interrupt Request 





Disable (masks) 





@ Selection of the Operation Mode 

Table 10 shows the operation mode of the serial interface. 
Select a combination of the value in the Port Mode Register and 
the Serial Mode Register according to Table 10. 

Initialize the serial interface by the Write Signal to the 
Serial Mode Register, when the Operation Mode is changed. 
@ Operating State of Serial Interface 

The serial interface has 3 operating states as shown in Fig. 11. 

The serial interface gets into “STS waiting state” by 2 ways: 
one way is to change the operation mode by changing the data 
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in the Port Mode Register, the other is to write data into the 
Serial Mode Register. In this state, the serial interface does not 
operate although the transfer clock is applied. If STS instruc- 
tion is executed, the serial interface changes its state to “SCK 
waiting state”. 

In the “SCK waiting state”, the falling edge of first transfer 
clock affects the serial interface to get into “transfer state”, 
while the Octal Counter counts-up and the Serial Data Register 
shifts simultaneously. As an exception, if the clock continuous 
output mode is selected, the serial interface stays in “SCK wait- 
ing state” while the transfer clock outputs continuously. 

The Octal Counter becomes “000” again by 8 transfer 
clocks or execution of STS instruction, so that the serial inter- 
face gets back into the “SCK waiting state”, and SERIAL 
Interrupt Request Flag is set simultaneously. 

When the internal transfer clock is selected, the transfer 
clock output are triggered by the execution of STS instruction, 
and it stops after 8 clocks. 


@ Example of Transfer Clock Error Detection 
The serial interface functions abnormally when the transfer 
clock was disturbed by external noises. In this case, the transfer 


* “Change PMR”’ means the change of 
operation mode as below: 













* Transmit Mode 
* Receive Mode 
* Transmit/Receive 





Clock Continuous 
Output Mode 









SCK Waiting State 
(Octal Counter = 000") 


Transmit/Receive 
(IFS<"1") 


Interrupt 
Inhibit 


IFS < “0” 


Transfer Clock 
Error Processing 
Normal End 


Fig. 12 Example of Transfer Clock Error Detection 


STS Waiting State 


Octal Counter = “000” 
Transfer Clock Disable 








Transfer Clock 


8 Transfer Clocks, 
STS Instruction 


(IFS <—"1") 
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clock error can be detected in the procedure shown in Fig. 12. 

If more than 9 transfer clocks are applied by the external 
noises in the “‘SCK waiting state”, the state of the serial inter- 
face shifts as the following sequence: first “transfer state” 
(while 1 to 7 transfer clocks), second “SCK waiting state” (at 
8th transfer clock) and third “transfer state” again. Then reset 
the SERIAL Interrupt Request Flag, and make “STS waiting 
state” by writing to the Serial Mode Register. SERIAL Inter- 
rupt Request Flag is set again in this procedure, and it shows 
that the transfer clock was invalid and that the transmit/receive 
data were also invalid. 


Table 10. Serial Interface Operation Mode 











Transmit Mode 
Receive Mode 
Transmit/Receive Mode 















Change PMR* 


Transfer State 
(Octal Counter # 000") 





Fig. 11 Serial Interface Operation State 


= TIMER 

The MCU contains a prescaler and two timer/counters 
(TIMER-A, TIMER-B), Fig. 13 shows the block diagram. The 
prescaler is an 11-bit binary counter. TIMER-A is an 8-bit 
free-run timer. TIMER-B is an 8-bit auto-reload timer/event 
counter. 


© Prescaler 

The input to the prescaler is a system clock signal. The 
prescaler is initialized to $000 by MCU reset, and the prescaler 
starts to count up the system clock signal as soon as RESET 
input goes to logic “O”. The prescaler keeps counting up except 
MCU reset and stop mode. The prescaler provides clock signals 
to TIMER-A, TIMER-B and serial interface. The prescaler di- 
vide ratio of the clock signals are selected according to the 
content of the mode registers such as — Timer Mode Register A 
(TMA), Timer Mode Register B (TMB), Serial Mode Register 
(SMR). 
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TIMER MODE REGISTER B 


SYSTEM 
CLOCK PRESCALER(1 1bit) 
ry 
3 
N 
op 
TIMER-A MPX 






3 
TMA(3bit) 


TIMER MODE REGISTER A 








INTERNAL BUS LINE (S1) 


TCA(8bit) 
TIMER COUNTER A 

















TL(4bit) 
TIMER LATCH 


INTERRUPT 
REQUEST FLAG 


EMBE I) OF TIMER-B 


TIMER LOAD REGISTER 












INTERRUPT 
REQUEST FLAG 
OF TIMER-A 


Fig. 13 Timer/Counter Block Diagram 


@ TIMER-A Operation 

After TIMER-A is initialized to $00 by MCU reset, it counts 
up at every clock input signal. When the next clock signal is 
applied after TIMER-A is counted up to $FF, TIMER-A is set 
to $00 again, and generating overflow output. This leads to 
setting TIMER-A Interrupt Request Flag (IFTA: $001, 2) to 
“1”. Therefore, this timer can function as an interval timer 
periodically generating overflow output at every 256th clock 
signal input. 

The clock input signals to TIMER-A are selected by the 
Timer Mode Register A (TMA: $008). 


@ TIMER-B Operation 

Timer Mode Register B (TMB: $009) is used to select the 
auto-reload function and the prescaler divide ratio of TIMER-B 
as the input clock source. When the external event input is 
used as an input clock signal to TIMER:B, select the R33 /INT; 
as INT, and set the External Interrupt Mask (IM1) to “1” to 
prevent the external interrupt request from occurring. 

TIMERSB is initialized according to the value written into the 
Timer Load Register by software. TIMER-B counts up at every 
clock input signal. When the next clock signal is applied to 
TIMER-B after TIMER-B is set to $FF, TIMER-B will be initi- 
alized again and generate overflow output. In this case if the 
auto-reload function is selected. TIMER-B is initialized accord- 
ing to the value of the Timer Load Register. Else if the auto- 
reload function is not selected, TIMER-B goes to $00. TIMER- 
B Interrupt Request Flag (IFTB: $002,0) will be set at this 
overflow output. 
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@ Timer Mode Register A (TMA: $008) 

The Timer Mode Register A is a 3-bit write-only register. 
The TMA controls the prescaler divide ratio of TIMER-A clock 
input, as shown in Table 11. 

The Timer Mode Register A is initialized to $0 by MCU reset. 


@ Timer Mode Register B (TMB: $009) 

The Timer Mode Register B is a 4-bit write-only register. The 
Timer Mode Register B controls the selection for the auto- 
reload function of TIMER-B and the prescaler divide ratio, 
and the source of the clock input signal, as shown in Table 12. 

The Timer Mode Register B is initialized to $00 by MCU 
reset. 

The operation mode of TIMER—B is changed at the second 
instruction cycle after writing into the Timer Mode Register B. 

Therefore, it is necessary to program the write instruction 
to TLRU after the content of TMB is changed. 


Table 11. Timer Mode Register A 


Bit 2 tere Prescaler Divide Ratio 
2 +2048 

+1024 
512 

+ 128 

32 

8 

4 

2 


—tiaim|—=|/O;1oO!|oO 


Table 12. Timer Mode Register B 


Auto-reload Function 





Prescaler Divide Ratio, 
Clock Input Source 

















@ TIMER-B inc $00A, eu ue) 
TLRL: $00A, TLRU: $00B 

TIMER-B consists of an 8-bit write-only Timer Load Regis- 
ter, and an 8-bit read-only Timer/Event Counter. Each of them 
has a low-order digit (TCBL: $00A, TLRL: $00A) and a high- 
order digit (TCBU: $00B, TLRU: $00B). 

The Timer/Event Counter can be initialized by writing data 
into the Timer Load Register. In this case, write the low-order 
digit first, and then the high-order digit. The Timer/Event 
Counter is initialized at the time when the high-order digit is 
written, The Timer Load Register will be initialized to $00 by 
the MCU reset. 

The counter value of TIMER-B can be obtained by reading 


PMR:$ 004 






TMA:$ 008 


fae ra 
TMA2ITMA1|TMAO 
ES 


| 
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the Timer/Event Counter. In this case, read the high-order digit 
first, and then the low-order digit. The count value of low-order 
digit is latched at the time when the high-order digit is read. 


@ TIMER-A Interrupt Request Flag (IFTA: $001, 2) 
The TIMER-A Interrupt Request Flag is set by the overflow 
output of TIMER-A. 


@ TIMER-A Interrupt Mask (IMTA: $001, 3) 
TIMER-A Interrupt Mask prevents an interrupt request 
generated by TIMER-A Interrupt Request Flag. 


Table 13. TIMER-A Interrupt Request Flag 








TIMER-A Interrupt 


Request Flag Interrupt Request 













TIMER-A Interrupt 
Mask 







Interrupt Request 


Enable 
Disable (Mask) 








@ TIMER-B Interrupt Request Flag (IFTB: $002, 0) 
The TIMER-B Interrupt Request Flag is set by the overflow 
output of TIMER-B. 


@ TIMER-B Interrupt Mask (IMTB: $002, 1) 


TIMER-B Interrupt Mask prevents an interrupt request 
generated by TIMER-B Interrupt Request Flag. 


SMR:$ 005 


Sua} sa] suns ono 
i 


a Transfer clock selection 


Rao/SCK pin mode selection 


R,2/SO pin mode selection 
Rai /S! pin mode selection 
Rx, /INTo pin mode selection 


R33/INT, pin mode selection 


TMB:$ 009 


TMB3/TMB2/TMB1]/TMBO 
-—_—-__————- 


ae TIMER-B input clock selection 
Auto-reload function selection 


TIMER-A input clock selection 


Fig. 14 Mode Register Configuration and Function 
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Table 15. TIMER-B Interrupt Request Flag 












Applied pins 





Without pull-down MOS 
(PMOS open drain) 


= aaa 
output 


TIMER-B Interrupt 


Request Flag interrupt Request 








D4~Dis, 





TIMER-B Interrupt 





Interrupt Request 


Enable 
Disable (Mask) 


@ INPUT/OUTPUT 

The MCU provides 58 Input/Output pins, and they are con- 
sist of 32 standard pins of “Without pull-up MOS (NMOS open 
drain)’ and 26 high voltage pins of “Without pull-down MOS 
(PMOS open drain)’. 

When any input/output common pin is used as input pin, 
it is necessary to set the output data as shown in Table 18. 


High voltage pins 


Table 17 1/O Pin Circuit Forms 
Without pull-up MOS 
(NMOS open drain) 

data 


HLT 
output 


data 








Applied 
pins 







(Note) In the stop mode, HLT signal is ‘‘0’', HLT signal is ‘'1'’ and 1/O 
Pins are in high impedance. 


Do ~D3 
: Without pull-up MOS 
R30 ~R33, . S e Applied pins 


Rao Ras, (NMOS open drain) 
Rso ~Rs3 

Output 

pins 
Input 
pins 


(Note) In the stop mode, HLT signal is ‘’0’’, HLT signal is ‘’1’’ and 
1/O pins are in high impedance. 







SCK 


HLT 
HLT+mode select 


Vec 





” 

= 

a 

a) 

= 

i] 

2 

§ | Output Ry9~R73, 
* | pins Rso~Re3 


nn 
a 
a 
ae) 
-_ 
iJ 
ae) 
¢ 
a 
- 
” 


(Continued) 





278 


HD614P080S 


Table 18 Data Input from Input/Output Common Pins 










1/0 circuit type 


For Standard pins 
‘Without pull-up MOS 
(NMOS open drain)’ 


For High voltage pins 
‘Without pull-down MOS 
(PMOS open drain)’ 









@ D-port 

D-port is 1-bit I/O port, and it has 16 Input/Output common 
pins. It can be set/reset by the SED/RED and SEDD/REDD 
instructions, and can be tested by the TD and TDD instructions. 
Table 17 shows the classification of standard pins, high voltage 
pins and the Input/Output pins circuit types. 


© R-port 

R-port is 4-bit I/O port. It provides 20 input/output com- 
mon pins, 16 output-only pins, and 6 input-only pins. Data 
input is processed using the LAR and LBR instructions and data 


Available pin condition for input 







foqe? 


"0” 





output is processed using the LRA and LRB instructions. The 
MCU will not be affected by writing into the input-only and/or 
non-existing ports, invalid data will be read by reading from the 
output-only and/or non-existing ports. 

The Rsz, Raz, Rao, Rai and Re2 pins are also used as the 
INTo, INT:, SCK, SI and SO pins respectively. Table 17 shows 
the classification of standard pins, high voltage pins and Input/ 
Output pins circuit types. 





= RESET 
The MCU is reset by setting RESET pin to “1”. At power 


Table 19 MCU Initial Value by Reset 


Items 





Program counter (PC) 
Status (ST) 
Stack pointer (SP) 


pcan Standardpin Without pull-up 
register High voltage 
pin 

Interrupt Enable Flag (1/E) 
Interrupt Request Flag (1F) 


Interrupt Mask (IM) 


Without pull-down 


ss\= 
Hf 


Interrupt flag 


Initial value by 
MCU reset 


$0000 


“qe 


Contents 


Execute program from the top of ROM address. 
Enable to branch with conditional branch instructions. 
Stack level is 0. 


Enable to input. 


Enable to input. 


Inhibit all interrupts. 
No interrupt request. 
Mask interrupt request. 











Port Mode Register (PMR) 
Serial Mode Register (SMR) 
Timer Mode Register A (TMA) 
Timer Mode Register B (TMB) 
Prescaler 

Timer/Counter A (TCA) 
Timer/Event Counter B (TCB) 
Timer Load Register (TLR) 
Octal Counter 


Mode register 





8 


Timer/Counter, 
Serial Interface 


$0 


“0000’’ 
, “0000” 
“000” 
“0000° 

100 


“” 
8 


$00 


10 


See Item ‘‘Port Mode Register’. 
See item ‘Serial Mode Register’’. 
See Item ‘Timer Mode Register A’. 
See Item ‘’Timer Mode Register B’’. 


(Note) The values of registers and flags which are not described on above table will become 


as follows, 


After releasing stop mode 









After MCU Reset 


Item by MCU Reset except the left 
Car (CA) The value immediately before The value immediately 
Accumulator A MCU reset is not guaranteed. before MCU Reset is 
G teaister B Initialization by the program COR Suse eee: 

PX register (X/SPX) should be required. Initialization by the 
Y/SPY register (Y/SPY) abit apa aaa 
Serial data register (SR) | ditto— | — ditto — 

The value immediately before 
RAM MCU reset (the value ~ ditto — 


immediately before executing 
stop instruction) is retained. 
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ON or recovering from stop mode, apply RESET input more 
than tpc to obtain the necessary time for oscillator stabiliza- 
tion. In other cases, the MCU reset requires at least two instruc- 
tions cycle time of RESET input. 

Table 19 shows initialized items by MCU reset and each 
status after reset. 





Oscillator 


Divider 
circuit 


® INTERNAL OSCILLATOR CIRCUIT 

Fig. 15 gives internal oscillator circuit. The oscillator type 
can be selected from the followings; crystal resonator, or ceramic 
filter resonator as shown in Table 20. In any cases, external 
clock operation is available. 
















Timing 
generator 
circuit 


System 
clock 


Fig. 15 Internal Oscillator Circuit 


Table 20 Oscillator Circuit Example 


Circuit configuration 


Oscillator 


External clock 
operation 


Ceramic filter 


resonator “ 
filter 


Crystal 
resonator 


ATcut parallel resonance crystal 


L Ci Rs 
OSC: OSC2 


Co 





Remarks 


Ceramic filter: CSA 4.00MG (Murata) 
Re: 1MQ + 2% 
Ci: 33pF + 20% 
Ca: 33pF + 20% 
Ceramic filter: CSA 6.00MG (Murata) 
Re: 1MQ +2% 
Ci: 30pF + 20% 
C2: 30pF + 20% 
@ Wiring between these pins and elements should be as short 
as possible, and never cross the other wirings. (Refer to Fig. 16) 


Crystal: 4.194304 (MHz) 
NC-18C (Nihon Denpa Kogyo) 
Re: 1MQ. + 2% 

Ci: 22pF + 20% 

C,: 22pF + 20% 


Crystal:6.0 (MHz) 

NC-18C (Nihon Denpa Kogyo) 
R¢: IMQ + 2% 

C1: 20pF +20% 

C2: 20pF + 20% 


Crystal: ATcut parallel resonance crystal 
Co: 7pF max. 
Rs: 1002 max. 

f: 2.0 ~6.2MHz 


@ Wiring between these pins and elements should be as short as 
possible, and never cross the other wirings. (Refer to Fig. 16) 


* Please consult with the engineers of crystal or ceramic filter resonator maker to determine the value of R¢, Ci and C3. 
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® LOW POWER DISSIPATION MODE 

The MCU provides two low power dissipation modes, that is, 
a Standby mode and a Stop mode. Table 21 shows the function 
of the low power dissipation mode, and Fig. 17 shows the 
diagram of the mode transition. 





Fig. 16 Recommendable Layout of Crystal and Ceramic Filter 


Table 21 Low Power Dissipation Mode Function 































































































Condition 
Low Power . Timer Recovering 
Dissipation Mode Instruction Oscillator | Instruction Register Interrupt yee Counter, method 
circuit execution Flag function i Serial 
P Interface 
* 

Standby mode SBY ‘ Active Retained Active Retained Retained! Active RESET Input, 

instruction Interrupt request 

STOP ; High 
Stop mode jingiruction Stop Retained jmipedances RESET Input 








*1) STOP mode is released only by MCU Reset. Refer to Table 19 as for the values of the registers and flags after releasing stop mode. 
*2) Current flows in {/O Circuit by I/O pin state at stand-by mode, because 1/O circuit is active. 
This current is an addition to stand-by mode power dissipation. 


counter and serial interface continue working. On the other 
hand, the CPU stops since the clock related to the instruction 
execution stops. Registers, RAM and Input/Output pins retain 
the state they had just before going into the Standby mode. 

The Standby mode is canceled by the MCU reset or interrupt 
request. When canceled by the interrupt request, the MCU 
becomes an active mode and executes the instruction next to 
the SBY instruction. At this time, if the Interrupt Enable Flag 
is “1”, the interrupt is executed. If the Interrupt Enable Flag 
is “0”, the interrupt request is held on and the normal instruc- 
tion execution continues. 

Fig. 18 shows the flowchart of the Standby Mode. 






Active 


RESET="1" 


@ Stop Mode 

The STOP instruction brings the MCU into the Stop mode. 
In this mode the oscillator circuit and every function of the 
MCU stop. 
Fig. 17 MCU Operation Mode Transition The Stop mode is canceled by the MCU reset. At this time, 
as shown in Fig. 19, apply the RESET input for more than trc 
to get enough oscillator stabilization time. (Refer to the “AC 


@ Standby Mode CHARACTERISTICS”.) After the Stop mode is canceled, 
The SBY instruction puts the MCU into the Standby mode. RAM retains the state it had just before going into the Stop 
In the Standby mode, the oscillator circuit is active and timer/ mode after releasing stop mode by MCU reset, the values of the 


B register, W register, X/SPX register, Y/SPY register, carry and 
serial data register are not guaranteed. 
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Oscillator Active 
Peripheral Clocks 
Active 

All Other Clocks 
Stop 






Restart 
Processor 


Restart 
Processor 






Clocks Clocks 








Yes (Cc) 


(B) 
Execute Interrupt 
Instruction Accept 


Fig. 18 MCU Operating Flowchart 


(A) 
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Stop mode 
Internal clock ice 


L) 
RESET 
tres 


STOP instruction execution (more than stabilization time: tac) 













Fig. 19 Stop Mode Cancel Timing Chart 


® RAM ADDRESSING MODE © Direct Addressing 

As shown in Fig. 20, the MCU provides three RAM address- The direct addressing instruction consists of two words and 
ing modes; Register Indirect Addressing, Direct Addressing and the second word (10 bits) following Op-code (the first word) is 
Memory Register Addressing. used as the RAM address. 
© Register Indirect Addressing @ Memory Register Addressing 

The combined 10-bit contents of W Register, X Register and The Memory Register Addressing can access 16 digits 
Y Register is used as the RAM address in this mode. (Memory Register: MR) from $020 to $02F by using the LAMR 


and XMRA instruction. 


W-Register X-Register Y -Register 


fe ON 






RAM Address 


(a) Register Indirect Addressing 


Instruction 1st Word Instruction 2nd Word 
——— 








RAM Address 





(b) Direct Addressing 


Instruction 


(c) Memory Register Addressing 
Fig. 20 RAM Addressing Mode 
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@ ROM ADDRESSING MODE AND P INSTRUCTION 
The MCU has four kinds of ROM addressing modes as shown 
in Fig. 21, 


® Direct Addressing Mode 

The program can branch to any addresses in the ROM 
memory space by using JMPL, BRL or CALL instruction. 
These instructions replace 14-bit program counter (PC13 to 
PCO) with 14-bit immediate data. 


® Current Page Addressing Mode 

ROM memory space is divided into 256 words in each page 
starting from $0000. The program branches to the address in 
the same page using BR instruction. This instruction replace 
the low-order eight bits of program counter (PC7 to PCO) with 


Instruction 1st Word 





(JMPL) 
(BRL) 
(CALL) 








8-bit immediate data. 


@ Zero Page Addressing Mode 

The program branches to the zero page subroutine area, 
which is located on the address from $0000 to $003F, using 
CAL instruction. When CAL instruction is executed, 6-bit 
immediate data is placed in low-order six bits of program 
counter (PCS to PCO) and ‘‘0’s” are placed in high-order eight 
bits (PC13 to PC6). The branch destination by BR instruction 
on the boundary between pages is given in Fig. 23. 


@ Table Data Addressing 

The program branches to the address determined by the 
contents of the 4-bit immediate data, accumulator and B regis 
ter, using TBR instruction. 


Instruction 2nd Word 





Instruction 





(c) Zero Page Addressing 


Instruction 


(TBR) 





Program Counter PC13PC12PC44PCy0PCg PCg PC7 PCg PCE PC4 PC3 PC2 PCy PCO 


(d) Table Data Addressing 


Fig. 21 ROM Addressing Mode 
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Instruction 


(P) 





Referred ROM A 
OM Address |RA, RA) RA IRA, )RAg RAg RAZ RAg RAz RA, RA; RAZ RA, RAG 
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B Register Accumulator 





(b) Pattern Output 


Fig. 22 


© P Instruction (Pattern instruction) 

By P instruction, the ROM data determined by Table Data 
addressing is referred. When bit 8 in referred ROM data is 
“1” 8 bits of referred ROM data are written into the accumu- 


256in - 1)4+255 
2560 


256 +254 








Fig. 23 The Branch Destination by BR Instruction on 
the Boundary between Pages 


P instruction 


lator and B Register, When bit 9 is “1”, 8 bits of referred ROM 
data are written into the R1 and R2 port output register. When 
both bit 8 and 9 are “1”, ROM data are written into the acc- 
umulator and B register and also to the Ri and R2 port output 
register at a same time. 

The P instruction has no effect on the program counter, 


8 INSTRUCTION SET 
The HMCS400 series provide 99 instructions. These instruc- 

tions are classified into 10 groups as follows; 

(1) Immediate Instruction 

(2) Register-to-Register Instruction 

(3) RAM Address Instruction 

(4) RAM Register Instruction 

(5) Arithmetic Instruction 

(6) Compare Instruction 

(7) RAM Bit Manipulation Instruction 

(8) ROM Address Instruction 

(9) Input/Output Instruction 
(10) Control Instruction 
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Table 22. Immediate Instruction 


MNEMONIC | OPERATION CODE | FUNCTION | STATUS 
j 0 01 Oi3 121 I -— 
EMO el gdeamedua | 8S | 








OPERATION 









Load A from Immediate 





Load B from Immediate 







Load Memory from Immediate 





Load Memory from Immediate, Increment Y 





Table 23. Register-to-Register Instruction 











OPERATION 





Load A from B 
Load B from A 
Load A from Y 
Load A from SPX 
Load A from SPY 
Load A from MR 
Exchange MR and A 


MNEMONIC OPERATION CODE FUNCTION | STATUS 
}taB = f0 001001000 BA 
LBA 0011001000/ A+B] 


ate 
a 























LASPY 0001011000 SPY—A 
LAMR m 100 14 1 1 mamzmimo} MRim)—-A 







MRi(m)<--A 








Table 24. RAM Address Instruction 
































OPERATION OPERATION CODE | FUNCTION | STATUS tee 
Load W from Immediate 1/1 
Load X from Immediate V/1 
Load Y from Immediate 1/1 
Increment Y NZ T/1 
Decrement Y | Dy [0011011111 | NB v/1 
Add A to Y AYY ove [1/1 
Subtract A from Y SYY NB V1 
Exchange X and SPX XSPX V1 





Exchange Y and SPY XSPY 0000000010 YoSPY 1 


Exchange X and SPX,Y and SPY XSPXY 0000000011 | X+SPX,Y++SPY 1/1 








Table 25. RAM Register Instruction 











WORD. 
OPERATION MNEMONIC | OPERATION CODE FUNCTION STATUS |" : 
CYCL 
Load A from Memory LAM(XY) |00100100yx | Moa (ES) [0 [1 
0110010000 
Load A from Memory LAMD d dy da d7 de ds da ds dz di do asia ; f 2/2 
Load B from Memory LBM(xY) [00010000y x MB, (Yspy) | 1 
Load Memory from A LMA(xY) [00100101yx AmM, (4) | | 1 
0110010100 ey 
Load Memory from A BMAD do eee | AM] 2/2 
Load Memory from A, increment Y LMAIY(X) |000101000x |A-—-M,Y+ 1-Y(x—spx) | NZ 1/1 
Load Memory from A, Decrement Y | LMADY(xX) |001101000x [A>M,Y-1-Ya-sPx] NB | 1/1 
Exchange Memory and A XMA(XY) [00100000yx | MHA, (RS¥) [| 11 
OTT0000000 MoA 
Exchange Memory and B XMBXY) [00110000yx | MaB. (MS) | | | 171 
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Note) (XY) and (x) have the meaning as follows: 
(1) 


MNEMONIC FUNCTION 


11 [| 1 | X<SPX, Y oSPY 


(2) 
MNEMONIC 





FUNCTION 











Table 26. Arithmetic Instruction 





The instructions with (XY) have 4 mnemonics and 4 object codes for each. {example of LAM (XY) is given below.) 


The instructions with (x) have 2 mnemonics and 2 object codes for each. (example of LMAIY (X) is given below.) 


HD614P080S 























OPERATION MNEMONIC | OPERATION CODE FUNCTION | STATUS pee 
Add Immediate to A Al i 10100 Oi iz i: io A+i-A OVF 1/1 
Increment B IB 0001001100 B+1—-8 NZ 1/1 
Decrement B DB 0011001111 B-1-B NB V1 
Decimal Adjust for Addition DAA 0010100110 Vi 
Decimal Adjust for Subtraction 0010101010 1 
Neaate A Rica | 


Complement B 

Rotate Right A with Carry 
Rotate Left A with Carry 
Set Carry 

Reset Carry 

Test Carry 

Add A to Memory 

Add A to Memory 


ee 
raota[ooio100000[ +] ——~«d a 
sec [oovii0iti1| toca | ‘i 
capa 
Paw —[oooo001000| Masa | ove [171 


OVF 2/2 








Add A to Memory with Carry 


9.459, 9 Gude 9% | _M+A—A 
VF 











Add A to Memory with Carry 





Subtract A from Memory with Carry 





0000011000 |M+A+CA+A| O 1/1 
01000711 z| ae SEZ 
Gededh dedsdeds did |M+A+CA~A} OVvF | 2/2 
0010011000 |M-A-CA~A| NB | 1/1 








OR A and B 
AND Memory with A 














AND Memory with A 
OR Memory with A 











OR Memory with A 




















EOR Memory with A 





F 11 11 aa 
Subtract A from Memory with Carry |} SMCD d ERREY) aad qo M—-A-CA-A NB 2/2 
eee ANM—A Nz | 1/1 
OTTO00T11 
ANMD d | 4. dedydedsdedadaardo | ACMA [nz | 272 
ORM G0 ODO OEE AUM—=A NZ v1 
7 9 i 
ORMD 4 Baek, ad 4 aid AUM~A NZ } 2/2 
EORM 0000011100 AdM>A NZ 1 


EOR Memory with A 
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HD614P080S 





Table 27. Compare Instruction 


OPERATION 


Immediate Not Equal to Memory 
Immediate Not Equal to Memory 

A Not Equal to Memory 

A Not Equal to Memory 

B Not Equal to Memory 

Y Not Equal to Immediate 
Immediate Less or Equal to Memory 
Immediate Less or Equal to Memory 
A Less or Equal to Memory 

A Less or Equal to Memory 

B Less or Equal to Memory 


WORD, 
MNEMONIC | OPERATION CODE | FUNCTION | STATUS ee 
YCLE 








A Less or Equal to Immediate 


Table 





OPERATION 


Set Memory Bit 
Set Memory Bit 
Reset Memory Bit 






Reset Memory Bit 






Test Memory Bit 
Test Memory Bit 


re 
| INEMD ind | O10 8, ded Pp ivm | Nz | 272 
e 100 
PANEMD 4 [O80 eae | AxM | NZ [272 
fenew [oootooo100| em | nz [1/1 
ILEM i 000011 isiz it io | ism | NB V1 
A e 1 5 . 
new io (SUSU LIanug| ism | ne [272 
pAteM[ooooo1o100| Asm | _NB_| 1/1 
TO1 
racemo a [SESSGLSLog| Asm | ne [272 
BLEM 0011000100 B<sM | NB | v1 
ALE! i 101011 isizis io Asi | NB | 11 


28. RAM Bit Manipulation Instruction 


OPERATION CODE UNCTION ;STATUS 


FI 
00100001nino| 1-Min) | 


TTOO00 Thin] 17 
CP Be 


00100010nino| O-Min) | 
Bae | O-Min) | 













™T™ n 
TMD nd 


00100011 nino 
dg de d7 de ds de 3 d2 di do 





Table 29. ROM Address Instruction 


OPERATION 


Branch on Status 1 

Long Branch on Status 1 

Long Jump Unconditionally 
Subroutine Jump on Status 1 
Long Subroutine Jump on Status 1 
Table Branch 

Return from Subroutine 

Return from Interrupt 


Table 30. Input/Output Instruction 


OPERATION 


Set Discrete |/O Latch 

Set Discrete |/O Latch Direct 
Reset Discrete !/O Latch 
Reset Discrete 1/0 Latch Direct 
Test Discrete I/O Latch 

Test Discrete 1/O Latch Direct 
Load A from R-Port Register 
Load B from R-Port Register 
Load R-Port Register from A 
Load R-Port Register from B 
Pattern Generation 






WOR! 
| MNEMONIC | OPERATION CODE | FUNCTION | STATUS |" 
CYCLE 
11 brbebsbabababibo| = 1/1 
LT A ae 
eR af 
anand Oe EZ 
Ydoddderae| | lle 
HTerp [00101 teem] | ja 


YCLE 
(s_fooritooroo| mom | fin 
[se00 m [101110 mmmm| om || 17 
REDD [10011 0 mmmm| Ode | [171 
|T [o011100000; ~~ | py | 11 
[Too m [101010 mmmm| | om [17 
1A 
71 
| LRA om | 1 01101 mamamimo | A—-Rim) | V1 
| LRB om [1071 1 0 0 msmamimo| B-Rim) | v1 
fee fort ott pspspel | +d 
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Table 31. Contro! Instruction 








OPERATION 





MNEMONIC 


OPERATION CODE 














No Operation 







Start Serial 
Stand-by Mode 
Stop Mode 





0000000000 
0101001000 
0101001100 
0101001101 













FUNCTION STATUS 











Table 32. Op-Code Map 





WORD, 





V1 





HD614P080S 







CYCLE 









te) 


1 


deel 





R' 


wo 


E|F 





SUmH [= ]6][7[8]9]4]®|¢] Ol e]F || 1/2] 3] 4|5|6]7|8| 9 | 4] 8| clo] 
on AM ORM AMD: 





vi i ZS 




















— 








4 

















INEM (4) INEMD i(4) 
3 iLEM it4) ILEMD it) 
| 4] veMixy) [BNE ae OR] [sts] sey |sTOP 
5 ILMAIY(X) aYY lus 1 JMPL pla) 
6 [Neca RED Pn CALL p(4) 
6 7 YNEI (4) BRL pla) 
KMAD SEMD n(2) | REMO n(2) [| TMD ni2) 


8] XMA(XY) | SEM Ai2) | REM n(2) T™ n(2) 





A [ion] ow oT 
TBR p(4) 

ECL cs aC) 
femora jaw] fal Tr 
2 a 


Lwt i(4) 
LBI i(4) 


ae 
a a ees 


m(4) 








mi4) 














ALEI i(4) 
LRB m(4) 
m{4) 





[>| =] o[o/ 2] >| of «| s/o] 


@[—tawaxw [cman fic] Fg 


LMID i(4) 


CAL 


BR 


a(6) 


b(8) 








XMRA m(4) 
.. 1 word/2 cycle ... 1 word/3 cycle (_}- RAM Direct Address 
Instruction Instruction Instruction 
(2 word/2 cycle) 


co a. a. Rea 








re 2 word/2 cycle 


Instruction 


HD614P080S 


= PRECAUTION TO USE THE EPROM ON-PACKAGE 
4BIT SINGLE CHIP MICROCOMPUTER 
Please pay attention to the followings, since this MCU has 
special structure with pin socket on the package. 
(1) Don’t apply high static voltage or surge voltage over MAX- 
IMUM RATINGS to the socket pins as well as the LSI 
pins, 
If not, that may cause permanent damage to the device. 
When using this in production like mask ROM type single 
chip microcomputer, pay attention to the followings to 
keep the good contact between the EPROM pins and socket 
pins. 
(a) When soldering the LSI on a print circuit board, the 
recommended condition is 


(2) 


(b) 


(c) 
(4) 





Temperature: lower than 250°C 

Time : within 10 sec. 
Over time/temperature may cause the bonding solder 
of socket pin to melt and the socket pin may drop. 
Note that the detergent or coating will not get in 
the socket during flux washing or board coating 
after soldering, because that may cause bad effect on 
socket contact. 
Avoid permanent application of this under the con- 
dition of vibratory place and system. 
The socket, inserted and pulled repeatedly loses its 
contactability. It is recommended to use new one when 
applied in production. 


Table 33 Difference between the HD614P080S and HMCS404C/HMCS404AC 


ie Jype name HD614P080S HMCS404C HMCS404AC 
em 

Minimum 

instruction 1.33 ps 2 us 1.33 ys 
execution time 

Power supply voltage 4.5 to5.5V 45to6V 





© 4,096 words x 10 bits 
(using standard EPROM 2764) 







ROM © 8,192 words x 10 bits 
(using standard EPROM 27128) 
RA 576 digits x 4 bits 


All pins are “without pull-up 
MOS (NMOS open drain)”. 


All pins are “without pull-down 
MOS (PMOS open drain)” 


Crystal resonator or ceramic 
filter resonator 


Shrink type 64-pin EPROM on 
package (DC-64SP). 

The base chip pins are com- 
patible with those of the 
HMCS404C/HMCS404AC. 


DC-84sP 


M 
Standard 
1/0 pins 
tel High 
voltage pins 


circuit 
Clock generator 





Package 






7.5 (max.) 
EPROM on package 


High from 
stand-off 
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4,096 words x 10 bits 
Mask ROM 


256 digits x 4 bits 


Each pin selects “without pull-up MOS (NMOS open drain)”, 
“with pull-up MOS”, or “CMOS”, 


Each pin selects “without pull-down MOS (PMOS open drain)” 
or “with pull-down MOS.” 


Crystal resonator, ceramic filter resonator, or resistance 
oscillator 


Shrink type 64-pin dual-in-line plastic package (DP-64S) or 
64-pin flat plastic package (FP-64). 


DP-64S 


Occupied 


DP-64S FP-64 


17 x 58 19.6 x 25.6 


EVALUATION CHIP 


FOR 4-BIT SINGLE-CHIP 
MICROCOMPUTERS 





HD44850E 


The HD44850E is an evaluation chip for 4-bit single-chip 


microcomputer, HMCS40 series. Its function is equivalent to 
HMCS45C except that it doesn’t contain ROM. Instead, it has 
the function to address external memory (ROM or RAM). User 
can handle this evaluation chip by writing program into external 
program memory as well as the HMCS40 series chip in which 
program has been written. User program and system can be 
debugged by connecting this evaluation chip with external pro- 
gram memory in which user program is written to user systems. 


The HD44850E provides 12-bit address outputs (A, to A,, 


terminals) and 10-bit instruction input pins (O, to O,, terminals) 
for the external program memory. ¢ and TSTP pins are required 
for debugging programs, and H43, CMOS and D/E pins for 
selecting applicable chips. 


APPLICABLE CHIPS 
HMCS42C, 43C, 44C, 45C 


FUNCTION 

Instruction Characteristics etc.; Same as the HMCS45C 
Address External ROM (2k) 

Address Output; Direct interface with EPROM {A, to A,,) 
Instruction Input; EPROM or CMOS RAM or NMOS RAM (0, 
to 0, 

Direct interface with TTL 

CMOS/PMOS Selecting Input Pin 

Timer Halt Input 

V/O Enable/Disable Selecting Pin at Halt 

Output Pins except Address Output and Clock Open Drain 
Output 

Address Output, Clock; CMOS Output 

Input Pins; Inputs with no Pull up MOS 


HD44850E 





(FC-80) 


a PIN ARRANGEMENT 


Se ae ea ae ee, ee eee ae ee ee ee 
\erananandgandcddd ddd aqdcace 


R52 R 
Bs R.. 
Dp. Ryo 
8 A 
D, A. 
Dio Oro 
O,, Oo, 
Di. oO, 
ps oO, 
D HD44850E oe 
¢ oO, 
Osc, re) 
osc, 0; 
GND 0, 
RESET Rss 
TEST Ryo 
TSTP R,, 
H43 R 
CMOS Res 
worn. orn oor or 2or 8 
Geacrca geceses baeenccooe 
(Top View) 
a PIN NAME 
A, to A;, : Address Output 
0,to0O,, _ : Instruction Input 
) : Word Timing 
TSTP : Timer Stop Input 
H43 : HMCS43/45<A Selection 
CMOS : CMOS/PMOS Selection 
D/E : /O Enable/Disable Selection input in the Hit 
Mode 
Roo to Rs, =: 1/0 Common Port 
Rep to Rg,  : Output Port 
D,toD,,  : 1/0 Common Port 
OSC,, OSC, : Oscillator 
INT,, INT, _ : Interrupt 
RESET : External Reset 
ALT : Halt Pin 
Vec : Power Supply 
GND : Ground 
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HD44857E 


The HD44857E is an evaluation chip for 4-bit single-chip 
microcomputer, HMCS40 series. Its function is equivalent to 
HMCS47C except that it doesn’t contain ROM and RAM. In- 
stead, it has the function to address external memory, program 
memory (ROM or RAM) and data memory (RAM). 

User can handle this evaluation chip by writing program into 
external program memory as well as the HMCS40 series chip in 
which program has been written. 

The HD44857E provides address/instruction pins (A,/O, to 
A,/O;9, Ayo/A,, terminals) for the external program memory, 
and address/bus pins (Y,/S,, to Y,/S,,, X,/S,, to X,/S,,), timing 
signal ¢,, ¢, pins for accessing data RAM. 

@ and TSTP pins are required for debugging programs, and 
CMOS and D/E pins for selecting applicable chips. 


@ APPLICABLE CHIPS 
HMCS42C, 43C, 44C, 45C, 46C, 47C 


FUNCTION 

Instruction Characteristics etc.; Same as the HUCS47C 
Address External ROM (max; 4k words) 

Access External Data RAM (max; 256 digits) 
CMOS/PMOS Selecting input Pin for evaluating PMOS 
Timer Stop Input 

/O Enable/Disable Selecting Input Pin at Halt 

External ROM/RAM Access Pin; CMOS Pin 

All Output Pins except these are Open Drain Output. 
Input Pin; Input with no Pull up MOS 


a PIN NAME 

(1) A,/O, to A,/O,,: Access pins for user program external 
memory. Divide 1 instruction cycle by 
two. The first half is the address from 
A, to A, and the latter nalf is instruction 
inputs from O, to O40. 


(2) Ayo/A;, : Access pins for external user program 
memory. Divide 1 instruction cycle by 
two. The first half is A,, and the latter 
half is A,,. 

(3) A,,° : Unusable. Be “open” always. 


BR) 

(4) X,/S,, to X,/S,,: Access pins for data RAM. Divide 1 in- 
struction cycle by two. The first half (X, 
to X,) is for selecting RAM file and the 
latter half (S., to S,,) is bus signal for 
writing data into RAM. 


(6) Y,/S,, to Y,/S,,: Access pins for data RAM. Divide 1 in- 
struction cycle by two. The first half (Y, 
to Y,) is for selecting RAM digit and the 
latter half (S,, to S,,) is bus signal for 
reading data from RAM to evaluation 
chip. 

(6) 6,4, o, : Clock signal 

(7) TSTP : Timer stops with timer stop input or 
“H" level, and operates with “‘L’’ level. 

(8) CMOS : CMOS/PMOS selecting pin 

(9) D/E : Selecting I/O state at halt 

(10) Roy to Ra, : 0 common pins (I/O pins) 
(11) Rey to Re, : Output pins (1/0 pins) 

(12) D, toD,, : /O common pins (I/O pins) 
(13) OSC, : Oscillator (input) 

(14) OSC, : Oscillator (output) 

(15) INT, INT, : Interrupt input pin 

(16) RESET : External reset input 

(17) ACT : Halt pin 

(18) TEST : “H’’ level always 


HD44857E 





w PIN ARRANGEMENT 


Sa onone ones 
. SPOO9DDDOO OH 
Sod eaisddeddlccddday 
Rep Y2/S 42 
Res Y,/Sy3 
O, Y/Sy4 
D, Ai, 
D, Ai/Ay, 
Dio Sa 
D,, X3/Sog 
Die XJSS22 
pre ings 
14 
Di HD44857E TOVE 
¢ Ry 
OSC2 Rye 
Osc: Ry, 
GND Rao 
RESET Ros 
TEST Rap 
TSTP Ra, 
D/E Rao 
CMOS Res 
“ -~ 8 er-~nunnmeonrornmorsn 
CFP FP fe ae Bee Baccara ce 
(Top View) 
(19) TOVEF : Time overflow. Not use usually. Be 
“open”. 
(20) Vec : Power supply 
(21) GND : Ground 
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HD44797E 


The HD44797E is an evaluation chip for 4-bit single-chip 
microcomputer LCD-III/IV. The HD44797E has the same logical 
functions as LCD-III/IV except that its ROM is external. All I/O 
pins are open drain. 

The HD44797E provides! 12-bit address outputs (A, to Aj, 
terminals) and 5-bit instruction input pins (O,/O, to O,/O,, pins) 
for the external program memory. ¢ and TSTP pins are required 
for debugging programs, and SELECT pin for selecting applicable 
chips. 


HD44797E 


@ APPLICABLE CHIPS 











LCD-Ill, LCD-IV 

we FUNCTION 

@ Instruction Characteristics etc.; Same as LCD-Ill, LCD-IV 

@ Address External ROM (4k) 

@ I/O Pins (D, R, INT,, INT,)}; Open Drain (FP-100) 
PIN ARRANGEM 

= PIN NAME : SEMENT 

V,,Va V3 : Power Supply for LCD & Pd 

OSC, : External Clock Input Pin woot Shssegsererewee 

Hut : Halt Pin ee oe 

Roo to Rog : Input Port 

R,,9 to R23 : /O Port D, eo) GND 

Rap to Rag : Output Port Re ite] SEG,. 

D, to Dy, : VO Port ny py seg! 

D,,/XO, D,,/XI_ : /O Port or Clock Input Pin for Timer D, a SEG,, 

INT,, INT, : Interrupt D, SEG,, 

COM, to COM, : Common Signal Pin ad 

SEG, to SEG,, : Segment Signal Pin Db” SEG” 

Ag to Ay, : Program Memory Access Pin D.. SEG,, 

0 ,/0, to 0,/0,,: Instruction Input Pin Dig SEG., 

ob, b1 be : Clock Signal piexo SEG,, 

TSTP : Timer/Prescaler Stop Signal Pin PX Nngavede eeat 

SELECT : Applicable Chips Selecting Pin R,, a seg 

19 
Roe SEG,, 
Ros SEG,, 
RESET SEG, 
¢, SEG,, 
osc, SEG,, 
° SEG,, 
SEG 

Att SEG.,, 
Vv, SEG, 
Vv, SEG, 
V3 SEG, 
COM, SEG, 
coM, SEG, 
COM, SEG, 
COM, SEG, 


** 

3] 3) 

SSSSOGSy 
ornoxveeoroalt le wnavdegg 
qqdddddcddccqddq doo 000 Hnnwn 


(Note) * : Additional pin for evaiuation chip. 
(Top View) 
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NEW DEVICES 
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HMCS404AC (HD614048) 


The HMCS404AC is a CMOS 4-bit single-chip microcomputer 
which is a member of the HMCS400 series. 

The HMCS404AC is a high speed version of the HMCS404C. 

The HMCS404AC has efficient and powerful architecture and 
its software is very similar to the HMCS40 series. 

This microcomputer provides variety of on-chip resources 
such as ROM, RAM, I/O, two timer/counters and a serial inter- 
face to perform in wide users’ applications. 

The HMCS404AC also has the characteristics of high speed 
and low power dissipation and which I/O pins are able to drive 
fluorescent display tube directly. 


HARDWARE FEATURES 
4-bit Architecture 
4,096 Words x 10-bit ROM 
256 Digits x 4-bit RAM 
58 1/0 Pins, including 26 high voltage !/O pins (40V Max) 
Two Timer/Counters 
11-bit Prescaler 
8-bit Free Running Timer 
8-bit Auto-Reload Timer/Event Counter 
Clock Synchronous 8-bit Serial Interface 
@ Five Interrupt Sources 
External 
Timer/Counter 2 
Serial Interface 1 
®@ Subroutine Stack 
Up to 16 levels including interrupts 
@ High Speed Operation 
Minimum instruction Execution Time — 1.33 ws 
@ Two Low Power Dissipation Modes 
Standby — Stops instruction execution while keeping 
clock oscillation and interrupt functions in op- 
eration. 
Stop — Stops instruction execution and clock oscilla- 
tion while retaining RAM data 
@ On-Chip Oscillator 
External Connection of Crystal or Ceramic Filter (externally 
drivable) 


Ny 


SOFTWARE FEATURES 

Instruction Set Similar to and More Powerful than HMCS40 
Series; 99 Instructions 

High Programming Efficiency with 10-bit ROM/Word; 79 in- 
structions are single word instructions 

Direct Branch to All ROM Area 

Direct or Indirect Addressing to All RAM Area 

Subroutine Nesting Up to 16 Levels Including Interrupts 
Binary and BCD Arithmetic Operation 

Powerful Logical Arithmetic Operation 

Pattern Generation — Table Look Up Capability — 

Bit Manipulation for Both RAM and I/O 






HMCS404AC 


(DP-64S) 





HMCS404AC 





(FP-64) 


VERSATILE PROGRAM DEVELOPMENT SUPPORT TOOLS 

H68SD Series Macro Assembler 

H68SD5-use Emulator (With Real Time Trace Function) 

EPROM On Package Microcomputer 

Mask options are fixed as follows: 

* V/O pin : Open drain 

* Oscillator : Crystal Oscillator or Ceramic Filter Oscillator 
(externally drivable) 

: Divided-by-8 


* Divider 
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HMCS404AC 


@ PIN ARRANGEMENT (Top View) 


Ra3/INT: 
Rso 
Rs 





@ BLOCK DIAGRAM 






SERIAL} TIMER] TIMER EXTERNAL SYSTEM CONTROL 
| INTER |g B INTERRUPT 
Ros 
R 
es => INTERRUPT CONTROL 
91 
<> 


Roo 
Ras 
Rez 
Re, 
Reo 


P INSTRUCTION 
RAM 256x4sbit pi DECODER <— 





4006 xKI Obit 





Late Gull Seu Saete ete Al > ate? whee chee on ae See cep Soden me ee ie! walker edie’ ster Geek (adie Coder Gtr Soe Sende fon 
) ' 
ge. a A elgg eet pak 18 aed ee cea 


771 High Voltage Pins 
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HMCS404AC 


® ABSOLUTE MAXIMUM RATINGS 




































































{tem Symbol Value Note 
aie aes 
Supply Voltage Vec —0.3 to +7.0 
; —0.3 to Vcc +0.3 3 
Terminal Voltage VT ou 
Vec —45 to Vcc +0.3 4 
Total Allowance of Input Currents Zlo 50 5 
Total Allowance of Output Currents —Zlo 150 6 
Maximum Input Current | lo 15 7,8 
4 9,10 
Maximum Output Current —lo 6 9,11 
30 9,12 
Operating Temperature Topr —20 to +75 
Storage Temperature Taig —55 to +125 °C 
(Note 1) Permanent damage may occur if ‘Absolute Maximum Ratings” are exceeded. Normal operation should be under the conditions of 
“Electrical Characteristics”. If these conditions are exceeded, it may cause the malfunction and affect the reliability of LSI. 
(Note 2) All voltages are with respect to GND. 
(Note 3) Applied to standard pins. 
(Note 4) Applied to high voltage pins. 
(Note 5) Total allowance of input current is the total sum of input current which flow in from all |/O pins to GND simultaneously. 
(Note 6) Total allowance of output current is the tota! sum of the output current which flow out from V¢¢ to atl I/O pins simultaneously. 
(Note 7) Maximum input current is the maximum amount of input current from each 1/0 pin to GND. 
(Note 8) Applied to Do ~ D; and R3 ~ R8. 
(Note 9) Maximum output current is the maximum amount of output current from Vcc to each !/O pin. 
(Note 10) Applied to Do ~ D3; and R3 ~ R8. 
(Note 11) Applied to RO ~ R2. 


(Note 12) Applied to D, ~ D,5. 
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HMCS404AC 


@ ELECTRICAL CHARACTERISTICS 
@ DC CHARACTERISTICS (Vcc = 4.5V to 6V, GND = OV, Vidisp = Vec—40V to Vcc, Ta = —20 to +75°C, if not specified.) 




























































































Test Conditions 
Input “High” 
Voltage Vin [gi 0.7Vcc 
| OSC: ~ |Vee—-0.5 
RESET, SCK, -03 
| “un ” INTo 5 INT1 . 
nput “Low V 
Voltage IL Sl -0.3 
OSC1 -0.3 
ML abet —lou =1.0mA 
Output “High — 
Voltage Vou | SCK, SO lon = 0.01 mA 
Output ‘‘Low” =a = 
Voltage VoL SCK, SO lo. = 1.6mA = 
Input/Output RESET, SCK, 
Leakage Current Hil INTo, INT1 Vin = 0 V to Vcc - 1 yA 1 
SI, SO, OSC: 
= —t 
Current | 
Sir eae Vec = 5 V 
Dissipation in lec Vec ‘ as 3.0 mA 2,6 
Active Mode fose = 6 MHz 
Maximum Logic Operation : 
IsBy1 Vec Vec =5V - 1.8 mA | 3,6 
Current fose = 6 MHz 
Dissipationsin:: | 
Stancy Mode Minimum Logic Operation 
Isgy2 | Vec Veco =5V - 1,35 mA | 4,6 
fose = 6MHz 
“Current ae = ea 
pert a Vin (TEST) = Vcc —0.3V to Veo 
Dissipation in Istop Vec Vi (RESET) = ov is OY Cc — 10 uA 5 
Stop Mode _t 
Stop Mode ce feed 
Retain Voltage Vstop | Vec 2 V 











300 

















(Note 1) Pull-up MOS current and output buffer current are excluded. 
(Note 2) The MCU is in the reset state. The input/output current does not flow. 
Test Conditions: MCU state; © Reset state in Operation Mode 
Pin state; © RESET, TEST --- Vcc voltage 
@ Do ~D3, R3~R9 --- Veg voltage 
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@0,~D,;5, RO~R2, R aoe Rai: Vdisp voltage 
(Note 3) The timer/counter operate with the fastest clock and input/output current does not flow. 


Test Conditions: MCU state; ®@ Standby Mode 
@ Input/Output; Reset state 
@ TIMER-A; +2 prescaler divide ratio 
@ TIMER-B8; +2 prescaler divide ratio 
@ SERIAL. Interface ; Stop 
Pin state; @ RESET ..-GND voltage 

© TEST --- Vog voltage 

®Do~D;, R3~R9 --- Veg voltage 


®0.,~D;;, RO~ R2, Rago, Rai vee Vdisp voltage 
(Note 4) The timer/counter operate with the slowest clock and input/output current does not flow. 


Test Conditions: MCU state; © Standby Mode 


® Input/Output; Reset state 


@ TIMER-A; +2048 prescaler divide ratio 
© TIMER-B; +2048 prescaler divide ratio 


®@ SERIAL Interface ; Stop 
Pin state; ® RESET...- GND voitage 
@ TEST --- Voc voltage 
®Do~D;, R3~R9 --- Veg voltage 


©D,4~Dis, RO~R2, Rag, Rag: Vdisp voltage 


(Note 5) Pull-down MOS current is excluded. 


(Note 6) When fog-=X [MHz] , the Current Dissipation in Operation mode and Standby mode are estimated as follows: 


max. value (fos =x [MHz] ) =2x max. value (fog¢= 6 [MHz] ) 


@ INPUT/OUTPUT CHARACTERISTICS FOR STANDARD PIN 


(Vec = 4.5V to 6V,GND = OV, Vdisp = Vec—40V to Vcc, Ta = —20 to +75°C, if not specified.) 











Item Symbol Pin Name Test Conditions rmin | typ | Unit Note 
typ | max __| 
Input “High” Do ~ Ds, 
Voltage Vin R3 ~ R5, RQ O7Ncc Vect0.3 
Input “Low” Do ~ D3, 
ioe | va [= Pe “a 
Do ~ D3, 
Output “High” R3 ~ R8 —lon =1.0mMA Vec—1.0 1 
Vou 
Voltage Do ~ D3 
R3~ RB —lon = 0.01 mA Vec—0.3 1 
Output “Low” Vv Do ~ D3, = 
Input/Output Do ~ D3, = A 2 
Pull-Up MOS Do ~ D3, Vec = 5V pA 3 
Current R3~ RO Vin = OV 


(Note 1) Applied to I/O pins with “CMOS” Output selected by mask option. 
(Note 2) Pull-up MOS current and output buffer current are excluded. 
(Note 3) Applied to 1/O pins ‘with Pull-up MOS" selected by mask option. 
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@ INPUT/OUTPUT CHARACTERISTICS FOR HIGH VOLTAGE PIN 
(Vcc = 4.5V to 6V, GND = OV, Vdisp = Vec—40V to Vcc, Ta = —20 to +75°C, if not specified.) 


Value 
typ |__max__| 
Input “High” Da ~ Dis, R1 
a 
Input “Low” Da~Dis , R1 
wag | ve [Ree a) [vee | | 


Vee-s0 | - | = | v1 


< 













Output “High” Vou —loH=9mA Vocs20 i) S| ev 
Voltage i soenD —lon=3mA, Vec=5V t 10% | Vec—3.0 V 
—loH=1.8 mA Vcc—2.0 Vv 
Dsa~Dis 
Vdiso = Vee —40V - 
contr |, | tev | = [fee |v 
OL 

a a | weve | = [= [ew | 
Input/Output tie | Da~Dis 
Leakage IL RO~R2 Vin = Vec—40V to Vcc LA 3 
Current Rao, Rar 

Da~Dis 
Pull Down MOS a, Vaio = Vec—35V 
sear LER, | eee | [=| @ [| | 


(Note 1} Applied to 1/0 pins ‘with Pull-down MOS" selected by mask option. 

(Note 2) Applied to !/O pins “without Pull-down MOS (PMOS Open Drain)"’ selected by mask option. 
(Note 3) Pull-down MOS current and output buffer current are excluded. 

(Note 4) Applied to I/O pins ‘‘with Pull-down MOS” selected by mask option. 
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® AC CHARACTERISTICS (Vcc=4.5V to 6V, GND = OV, Vdisp = Vec—40V to Voc, Ta = — 20 to +75°C, if not specified.) 

















































































































Item Symbol Pin Name Test Conditions Note 
‘es renga! Une 
Oscillation Frequency fosc OSC1, OSC2 
4 
Instruction Cycle Time | teye [ 1.29 1.33 20 ys 
Oscillator Stabilization Time | tre [ OSCi, OSC2 as ee 20 ms 1 
External Clock “High” 
Level Width tcPH OSC: 70 = be ns 2 
L = 4 pos 
External Clock “Low” 
Level Width tCPL OSC: 70 - — | ns | 2 
External Clock Rise Time tcp, OSCi — | - 20 ns 2 
- + T 
External Clock Fall Time tcpr | OSC: - - 20 ns 2 
INTo ‘’High’’ Level Width tiou | _INTo 2 1 _ teye 3 
INTo “Low” Level Width tio |_INTo | 2 - - teye | 3 
INTi “High” Level Width tin INTi 2 | - [_- Neca. od 
INTi “Low” Level Width [ tye INTi 2 - - teye | 3 
RESET “High” Levelt Width trsTH RESET 2 i - teyc 4 
‘: T 
Input Capacitance Cin 
RESET Fall Time trstTt 4 








(Note 1) Oscillator stabilization time is the time until the oscillator stabilizes after Vcc reaches 4.5V at ‘‘Power-on’’, or after RESET input leve! goes 
"High" by resetting to quit the stop mode by MCU reset. The circuits used to measure the value are described below. When using crystal 
or ceramic filter oscillator, please ask a crystal oscillator maker's or ceramic filter maker's advice because oscillator stabilization time 
depends on the circuit constant and stray capacity. 


Crystal oscillator Ceramic filter oscillator 





Crystal: 6.0MHz NC-18C (Nihon Denpa Kogyo) Ceramic filter : CSA6.00MG (Murata) 
Rf : 1M2 +2% Rf : 1M2+2% 
Ci : 20pF +20% Ci : 30pF + 20% 
C2 : 20pF + 20% C2 : 30pF +20% 

(Note 2) (Note 3) 





tcPr {CPF 


(Note 4) 


RESET 
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@ SERIAL INTERFACE TIMING CHARACTERISTICS 
(Voc =4.5V to 6V, GND = OV, Vdisp = Vec—40V to Vcc, Ta = - 20 to +75°C, if not specified.) 


+ At Transfer Clock Output 


; = 
tem Conditions [~ min 




















Symbol Pin Name aa] Unit | Note 
Transfer Clock “High” t 1.2 
Level Width Scyc 
Transfer Clock ‘‘Low” 1.2 
Level Width tseye 
Transfer Clock Rise Time ns 1,2 
Transfer Clock Fall Time | 100 | ns | 1,2 
Serial Output Data 12 
Delay Time 
Serial Input Data Setup Time | tsi | _S)_——*s 0 | - | - [= | 4 
* At Transfer Clock Input 
Test Value : 

So as Conditions [rnin [typ [max] Nt | Now 
Transfer Clock “High” ; SCK t 1 
Level Width BEM wide 
Transfer Clock ‘“‘Low” = 
Tranifer Clock Fall Time SR 800 
Serial Output Data 
Serial Input Date Hold Time [tsi | si | 10 [| - | - | | 1 


(Note 1) Timing Diagram of Serial Interface 






BGK Vee -2.0V(0.7 Vee # 
0.8V(0.22Vec) * 


Vec —2.0V 
0.8V 


0.7Vcc 
Si 
en ON = ie 
“Vec — 2.0V and 0.8V are the threshold voitage for transfer clock output. 
0.7 Vcc and 0.22 Vcc are the threshold voltage for transfer clock input. 


(Note 2) Timing Load Circuit 


Vec 
Ry =2.6k.2 
Test 
Point 
Cc R 1$2074@ 


30pF 12kQ 7 OF Equiv. 


304 


HMCS404AC 


= CHARACTERISTICS CURVE (REFERENCE DATA) 


Ta=—-20~+75C 
fosc =6 MHz 












































2 3 
Vec(V) 


loc vs. Vcc Characteristics 
(Crystal, Ceramic Filter Oscillator ) Vec(V) 





Isgy vs. Vcc Characteristics 
(Crystal, Ceramic Filter Oscillator ) 
Ta=—-20~+757T a 





Vec(V) 
—lp (Pull-up MOS Current) vs. 
Vcc Characteristics 





Vec—Vdisp(V) 
Ig (Pull-down MOS Current) vs. 
















aaa 20= +75 + (Vcc — Vdisp) Characteristics 
a Veco =6V 
ol eae aaa 
en ee a ae : 
pe cael eee ae as Vec=5V t 
a ee Gee ae ae € 
—-€ tL | Ae ee Vec=4.5V 7 
ce ee ee 7, a ae 
ee ne 0 
ifs te al aed ee 
ae Ze ee 
ey oe fe Dag ml a aioe 
Mle oh ee a -lon min vs. (Vee — Von) Characteristics 
ZG Ge le ee (Standard Pin “CMOS"’} 
e) 1 2 3 
Vo.(V) 


lot min. vs. Vo_ Characteristics 
(Standard Pin) 
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Rie tena 
Ae 





—lon min. (mA) 











Veco — Vou(V) 


-lon min. vs. (Veco — Vou) Characteristics 
(D, ~ Dy, Pins) 


@ DESCRIPTION OF PIN FUNCTIONS 
Input and output signals of MCU are described below. 


© GND, Vcc. Vdisp 

These are Power Supply Pins. Connect GND pin to Earth 
(OV) and apply Vcc power supply voltage to Vcc pin. Vdisp 
is an power supply for high voltage Input/Output pins with 
maximum voltage of Vcc-40V. Vaisp pin can be also used as 
Ra pin by mask option. For details, see “INPUT/OUTPUT”. 


e TEST 
TEST pin is not for user’s application. TEST must be con- 
nected to Vec - 


@® RESET 
RESET pin is used to reset MCU. For details, see “RESET”. 


e OSC,, OSC, 
These are Input pins to the internal oscillator circuit. They 


can be connected to crystal, or ceramic filter resonator. For 
details, see “INTERNAL OSCILLATOR CIRCUIT.” 


® D-port (Dp to D,;) 

D-port is a 1-bit Input/Output common port. Do to D3 are 
standard type, Dg to Djs are for high voltage. Each pin has the 
mask option to select its circuit type. For details, See “INPUT/ 
OUTPUT”. 


© R-port (RO to RA) 

R-port is a 4-bit Input/Output port. (only RA is 2-bit con- 
struction.) RO and R6 to R8 are output ports, R9 to RA are 
input ports, and R1 to R5 are Input/Output common ports. 
RO to R2 and RA are the high voltage ports, R3 to R9 are the 
standard ports. Each pin has the mask option to select its cir- 
cuit type. Raz, Ras, Rao, Rai and Raz are also available as 
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—low min.(mA) 











Veco —Von(V) 


-lon min. vs. (Veco — Vou) Characteristics 
(RO ~ R2 Pins) 


INTo, INT:, SCK, SI and SO respectively. For details, see 
“INPUT/OUTPUT”. 


© INT, INT; 

These are the input pins to interrupt MCU operation exter- 
nally. INT, can be used as an external event input pin for 
TIMER-B. INTo and INT, are also available as R32, and R33 
respectively. For details, See “INTERRUPT”. 











® SCK, SI, SO me 

These are Transfer clock I/O pin (SCK), serial data input pin 
(SI) and serial data output pin (SO) used for serial interface. 
SCK, SI, and SO are also available as Rag, Ra, and R42 respec- 
tively. For details, see “SERIAL INTERFACE”. 


@ ROM MEMORY MAP 

MCU includes 4096 words x 1,0 bits ROM. ROM memory 
map is illustrated in Fig. 1 and described in the following 
paragraph. 


®@ Vector Address Area ..... $0000 to $000F 

When MCU is reset or an interrupt is serviced, the program is 
executed from the vector address. Program the JMPL instruc- 
tions branching to the starting addresses of reset routine or 
of interrupt routines. 
@ Zero-Page Subroutine Area ..... $0000 to $003F 

CAL instruction allows to branch to the subroutines in 
$0000 to $003F. 
@ Pattern Area..... $0000 to SOF FF 

P instruction allows referring to the ROM data in $0000 to 
S$OFFF as a pattern. 
@ Program Area $0000 to SOF FF 
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Y i@) JMPL Instruction 
Vector Address 1 (Jump to RESET Routine} 
15 2 JMPL Instruction 
16 3 (Jump to INTo Routine) 
4 ” 
Zero-Page Subroutine sees IDStER SS 
5 (Jump to INT; Routine) 
(64Words) ; 
63 6 JMPL Instruction 
64 7} (Jump to TIMER-A Routine) 
Program 8 JMPL Instruction 
Pattern 9 (Jump to TIMER-B Routine) 
(aog6Words) eae eae 
4095 
4096 


16383 $3FFF 





Fig. 1 ROM Memory Map 


® RAM MEMORY MAP and special registers are also mapped on the RAM memory 
MCU includes 256 digits x 4 bits RAM as the data area and space. RAM memory map is illustrated in Fig. 2 and described 
stack area. In addition to these areas, interrupt control bits in the following paragraph. 
ce) $ 000 
RAM-mapped Registers eaatcenbite $ 001 
= nterrup n $ 002 
32 
Memory Registers(MR) \ 7 +08 
75 | eee ae ne eee 4{ Port Mode Reg. (PMR) ! $ 004 
48 5] Serial Mode Reg. (SMR) «+ W {$005 


6 $ 006 
(192Digits) 7 $ 007 
8| Timer Mode Reg. A (TMA) | W 1$ 008 
9 $ 009 
(TCBL/TLRL) !R/W{¢ 0OA 
(TCBU/TLRU)iR/Wj$ 00B 






TIMER-B* 


Not Used $ O0OC 
959 $ 3BF 
960 $ 3C0 
Stack $ O1F 
1023 (64Digits) ae 


* Two registers are mapped on same address. 


Timer/Event Counter B Lower! Timer Load Reg. Lower i! 

(TCBL) |B (TLRL) 1'W1$00A 
Timer/Event Counter B Upper ; Timer Load Reg. Upper ! 

(TCBU) i (TLRU) |W | $00B 


Fig. 2 RAM Memory Map 


R_:Read Only 
W_ :Write Only 
R/W: Read/Write 






10 
11 
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bit 3 bit 2 











bit 1 bit 0 






































0 IMO IFO 
(IM of INT, ) (IF of INT9) 
1 IMTA IFTA 
(IM of TIMER-A) (IF of TIMER-A) 
2 Not Used Not Used 
3 
IF : Interrupt Request Flag 
IM: Interrupt Mask 
(/E : Interrupt Enable Flag 


SP: Stack Pointer 


IMTB IFTB 
(IM of TIMER-B) (IF of TIMER -B) 
IMS IFS 













RSP LYE 
(Reset SP Bit) (Interrupt Enable Flag) 
IM1 IF 1 
(IM of INT,) (IF of INT,) 


$000 








$001 


$002 


$003 


(Note) Each bit in Interrupt Control Bits Area is set by SEM/SEMD instruction, is reset by REM/REMD instruction and is tested by TM/TMD 
instruction. It is not affected by other instructions. Furthermore, Interrupt Request Flag is not affected by SEM/SEMD instruction. 
The content of Status becomes invarid when ‘‘Not Used’’ bit is tested. 


Fig. 3 Configuration of Interrupt Control Bit Area 


@ Interrupt Control Bit Area ..... $000 to $003 

This area is used for interrupt controls, and is illustrated in 
Fig.3, It.is accessable only by RAM bit manipulation instruction. 
However, the interrupt request flag cannot be set by software. 


® Special Register Area ..... $004 to $00B 

Special Register is a mode or a data register for the external 
interrupt, the serial interface, and the timer/counter. These 
registers are classified into 3 types: Write-only, Read-only, and 
Read/Write as shown in Fig. 2. These registers cannot be 
accessed by RAM bit manipulation instruction. 





Memory Registers Stack Area 
$020 6° oe 
$ 021 
ie 
$ 023 
$ 024 
$ 025 
$ 026 
$ 027 
$ 028 
$ 029 
$ O2A 
$ 028 
$ 02C 
$ 02D 
$ 02E 
$ O2F 10923] Level 1 





PCi3 toPCo ; Program Counter 
ST; Status 
CA; Carry 


@ Data Area..... $020 to $ODF 
16 digits of $020 to $02F are called memory register (MR) 
and accessable by LAMR and XMRA instructions. 


®@ Stack Area .... $3C0 to $3FF 

Stack Area is used for LIFO stacks with the contents of the 
program counter (PC), status (ST) and carry (CA) when process- 
ing subroutine call and interrupt. As I level requires 4 digits, 
this stack area is nested to 16 level-stack max. The data pushed 
in the stack and LIFO stack state are provided in Fig. 4. The 
program counter is restored by RTN and RTNI instructions. 
Status and Carry are restored only by RTNI instruction. The 
area, not used for stacking, is available as a data area, 


bit3 bit2 bit! bitO 


Fig. 4 Configuration of Memory Register, Stack Area and Stack Position 





= REGISTER AND FLAG 

The MCU has nine registers and two flags for the CPU opera- 
tions. They are illustrated in Fig. 5 and described in the follow- 
ing paragraphs. 


© Accumulator (A), B Register (B) 

Accumulator and B Register are 4-bit registers used to hold 
the results of Arithmetic Logic Unit (ALU), and to transfer data 
to/from memories, I/O and other registers. 


@ W Register (W), X Register (X), Y Register (Y) 

W Register is 2-bit, and X and Y Register are 4-bit registers 
used for indirect addressing of RAM. Y register is also used 
for D-port addressing. 


@ SPX Register (SPX), SPY Register (SPY) 
SPX and SPY Register are 4-bit registers used to assist X and 
Y Register respectively. 


@ Carry (CA) 

Carry (CA) stores the overflow of ALU generated by the 
arithmetic operation. It is also affected by SEC, REC, ROTL and 
ROTR instructions. 

During interrupt servicing, Carry is pushed onto the stack 
and restored back from the stack by RTNI instruction. (It’s not 
affected by RTN instruction.) 


® Status (ST) 

Status (ST) holds the ALU overflow, ALU non-zero and the 
results of bit test instruction for the arithmetic or compare in- 
struction. It is used for a branch condition of BR, BRL, CAL or 
CALL instructions. The value of the Status remains unchanged 
until the next arithmetic, compare or bit test instruction is ex- 
ecuted. Status becomes “1” after the BR, BRL, CAL or CALL 
instruction has been executed (irrespective of its execution/ 
skip). During the interrupt servicing, Status is pushed onto the 


[| Accumulator 
td 6 Register 


Y Regrster 
fis ee <l SPX Register 


SPY Register 


Status 
i) 
Program 
Counter 


3 5 


Stack 
Pormter 


Fig.5 Register and Flags 
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stack and restored back from the stack by RTNI instruction. 
(It’s not affected by RTN instruction.) 


@ Program Counter (PC) 
Program Counter is a 14-bit binary counter for ROM address- 
ing. 


@ Stack Pointer (SP) 

Stack Pointer is used to point the address of the next stack- 
ing area up to 16 levels. 

The Stack Pointer is initialized to locate $3FF on the RAM 
address, and is decremented by 4 as data pushed into the stack, 
and incremented by 4 as data restored back from the stack. 


® INTERRUPT 

The MCU can be interrupted by five different sources: the 
external signals (INTo, INT,), timer/counter (TIMER-A, 
TIMER-B), and serial interface (SERIAL). In each sources, 
the Interrupt Request Flag, Interrupt Mask and interrupt vector 
address will be used to control and maintain the interrupt re- 
quest. The Interrupt Enable Flag is also used to control the 
total interrupt operations. 








@ Interrupt Control Bit and Interrupt Service 

The interrupt control bit is mapped on $000 to $003 of the 
RAM address and accessable by RAM bit manipulation instruc- 
tion. (The Interrupt Request Flag (IF) cannot be set by soft- 
ware.) The Interrupt Enable Flag (I/E) and Interrupt Request 
Flag (IF) are set to “0”, and the Interrupt Mask (IM) is set to 
“1” at the initialization by MCU reset. 

Fig. 6 shows the interrupt block diagram. Table 1 shows the 
interrupt priority and vector addresses, and Table 2 shows the 
conditions that the interrupt service is executed by any one of 
the five interrupt sources. 

The interrupt request is generated when the Interrupt Re- 
quest Flag is set to “1“ and the Interrupt Mask is “0”. If the 
Interrupt Enable Flag is ‘1, then the interrupt will be activated 
and vector addresses will be generated from the priority PLA 
corresponding to the five interrupt sources. 

Fig. 7 shows the interrupt services sequence, and Fig. 8 
shows the interrupt flowchart. If the interrupt is requested, the 
instruction finishes its execution in the first cycle. The Inter- 
rupt Enable Flag is reset in the second cycle. In the second and 
third cycles, the Carry, Status and Program Counter are pushed 
onto the stack. In the third cycle, the instruction is executed 
again after jumping to the vector address. 

In each vector address, program JMPL instruction to branch 
to a starting address of the interrupt routine. The Interrupt 
Request Flag which caused the interrupt service has to be reset 
by software in the interrupt routine. 
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$000.0 Sequence Control 
ve - Push PC/CA/ST 
+ Reset W/E 
+ Jump to Vector 
Address 
$000.2 
$ 000,3 
ie Priority Control Vector 
Address 
$001.0 





$001.1 eS 
o 


$003.1 is) 
te a 


Fig.6 Interrupt Circuit Block Diagram 


Table 1. Vector Addresses and Interrupt Priority 





Reset - Interrupt | Priority Vector addresses 
























RESET - $0000 
INTo $0002 
INT: $0004 
TIMER-A $0006 
TIMER-B 


SERIAL 


Table 2. Conditions of Interrupt Service 











* Don't care 
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Instruction 1 2 3 4 5 6 
Cycles 


Instruction 
execution 


Stacking, 
Vector address 
is generated 


Interrupt Stacking, 


accepted Reset of I/E 


/MPL instruction execution on the 
vector address 





Instruction 
Execution at 


starting address 
of the interrupt 
Fig. 7. Interrupt Servicing Sequence routine 





© Interrupt Enable Flag (1/E: $000,0) Table 5. External Interrupt Mask 
The Interrupt Enable Flag controls enable/disable of all inter- 
rupt requests as shown in Table 3. The Interrupt Enable Flag is 

reset by the interrupt servicing and set by RTNI instruction. Enable 
Disable (masks) 


External! Interrupt Masks Interrupt Requests 





Table 3. Interrupt Enable Flag 


@ Port Mode Register (PMR: $004) 
Interrupt Enable Flag Interrupt Enable/Disable The Port Mode Register is a 4-bit write-only register which 
Disable controls the R3./INTp pin, R33/INT, pin, R4,/SI pin and 


Enable 


R42 /SO pin as shown in Table 6. The Port Mode Register will 
be initialized to $0 by MCU reset, so that all these pins are set 
to a port mode. 





© External Interrupt (INTo, INT; ) 

To use external interrupt, select R32/INTo, R33/INT, port Table 6. Port Mode Register 
for INTo, INT; mode by setting the Port Mode Register (PMR: 
$004). 

The External Interrupt Request Flags (IFO, IF1) are set at 
the falling edge of INT), INT, inputs. 

INT, input can be used as a clock signal input of TIMER-B. 
Then, TIMER-B counts up at each falling edge of input. When 
using INT, as TIMER-B external event, an External Interrupt 
Mask (IM 1) has to be set so that the interrupt request by INT. 
will not be accepted. 















R33/INT, pin 











Used as R33 port input/output pin 
Used as INT, input pin 








R3a2/INTo pin 





Used as R32 port input/output pin 
Used as INT input pin 





®@ External Interrupt Request Flag (IFO: $000,2, 1F1: $001,0) 
The External Interrupt Request Flags (IFO, IF1) are set at 
the falling edges of INTo, INT, inputs respectively. 








@ External interrupt Mask (IMO: $000,3, 1M1: $001,1) Rai /SI pin 


The External Interrupt Mask is used to mask the external 
interrupt requests. 





Used as Ra, port input/output pin 
Used as Si input pin 


Table 4. External Interrupt Request Flag 
Ray /SO pin 


External Interrupt Request Flags Interrupt Requests 





Used as Raz port input/output pin 
Used as SO output pin 
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(B) (C) 
Execute Interrupt 
Instruction Accept 


1/E<*O" 


Stack<(PC) 
Stack—(CA) 
Stack—(ST) 





PC—(PC)+1 









PC~$ 0004 
==1-*< oS 


Fig. 8 Interrupt Servicing Flowchart 







(SERIAL Interrupt) 
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® SERIAL INTERFACE 

The serial interface is used to transmit/receive 8-bit data 
serially. This consists of the Serial Data Register, the Serial 
Mode Register, the Octal Counter and the multiplexer, as illus- 
trated in Fig. 9. Pin R4o/SCK and the transfer clock signal are 
controlled by the Serial Mode Register. Contents of the Serial 
Data Register can be written into or read out by the software. 
The data in the Serial Data Register can be shifted synchronous- 





















SMR(4bit) 
SERIAL MODE 
REG. 


SR (8 bit) 
SERIAL DATA REGISTER eA 
INTERNAL BUS LINE (S2)| | 
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ly with the transfer clock signal. 

The serial interface operation is initiated with STS instruc- 
tion. The Octal Counter is reset to $0 by STS instruction. It 
starts to count at the falling edge of the transfer clock (SCK) 
signal and increments by one at the rising edge of the SCK. 
When the Octal Counter is reset to $0 after eight transfer clock 
signals, or discontinued transmit/receive operation by resetting 
the Octal Counter, the SERIAL Interrupt Request Flag will be 
set. 


OC(3bit) 
OCTAL 
COUNTER 






INTERRUPT 
REQUEST FLAG 
of SERIAL INTER- 
FACE 


($1) 









INTERNAL BUS LINE 











SCK 


Fig.9 Serial Interface Block Diagram 


@ Serial Mode Register (SMR: $005) 

The Serial Mode Register is a 4-bit write-only register. This 
register controls the R4o/SCK and the prescaler divide ratio as 
the transfer clock source as shown in Table 7. 

The Write Signal to the Serial Mode Register controls the 
operating state of serial interface, 

The Write Signal to the Serial Mode Register stops the 
transfer clock applied to the Serial Data Register and the Octal 
Counter. And it also reset the Octal Counter to $0 simul- 
taneously. 

When the Serial Interface is in the “Transfer State’, the Write 
Signal to the Serial Mode Register causes to quit the data 
transfer and to set the SERIAL Interrupt Request Flag. 

Contents of the Serial Mode Register will be changed on the 
second instruction cycle after writing into the Serial Mode 
Register. Therefore, it will be necessary to execute the STS 
instruction after the data in the Serial Mode Register has been 
changed completely. The Serial Mode Register will be reset to 
$0 by MCU reset. 
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© Serial Data Register (SRL: $006, SRU: $007) 

The Serial Data Register is an 8-bit read/write register. It 
consists of a low-order digit (SRL:$006) and a high-order digit 
(SRU: $007). 

The data in the Serial Data Register will be output from the 
LSB side at SO pin synchronously with the falling edge of the 
transfer clock signal. At the same time, external data will be 
input from the LSB side at SI pin to the Serial Data Register 
synchronously with the rising edge of the transfer clock. Fig. 
10 shows the I/O timing chart for the transfer clock signal and 
the data. 

The writing into/reading from the Serial Data Register during 
its shifting causes the validity of the data. 

Therefore complete data transmit/receive before writing 
into/reading from the serial data register. 
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Table 7. Serial Mode Register 


Used as Rao port input/output pin 
input/output pin 





Transfer Clock 


Prescaler System Clock 

Bit 2 Rao/SCK Port Clock Source Divide Divide 
Ratio Ratio 

SCK ta 

SCK 2%: 


SCK & 

‘ : Output eee | ee oe 
SCK be 

! 0 | Output premier [eae | : : 





= 


SCK System 7 1 
Output Clock ‘ 

SCK External a 
Input Clock 


Transfer Clock WLU LLL 
22.53 


Serial Output Data 


Serial input Data 
Latch Timing 


Fig. 10 Serial interface 1/O Timing Chart 





_ 





® SERIAL Interrupt Request Flag (IFS: $003, 0) Table 9. SERIAL Interrupt Mask 
The SERIAL Interrupt Request Flag will be set after the 
eight transfer clock signals or transmit/receive discontinued SERIAL Interrupt Mask Interrupt Request 


operation by resetting the Octal Counter. 


Disable (mask) 





@ SERIAL Interrupt Mask (IMS: $003, 1) 


The SERIAL Interrupt Mask masks the interrupt request. © Selection of the Operation Mode 
Table 10 shows the operation mode of the serial interface. 
Table 8. SERIAL Interrupt Request Flag Select a combination of the value in the Port Mode Register and 
the Serial Mode Register according to Table 10. 
SERIAL Interrupt Request Flag Interrupt Request Initialize the serial interface by the Write Signal to the 


Serial Mode Register, when the Operation Mode is changed. 
© Operating State of Serial Interface 
The serial interface has 3 operating states as shown in Fig. 11. 
The serial interface gets into “STS waiting state” by 2 ways: 
one way is to change the operation mode by changing the data 
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in the Port Mode Register, the other is to write data into the 
Serial Mode Register. In this state, the serial interface does not 
operate although the transfer clock is applied. If STS instruc- 
tion is executed, the serial interface changes its state to “SCK 
waiting state”. 

In the “SCK waiting state”, the falling edge of first transfer 
clock affects the serial interface to get into “transfer state”, 
while the Octal Counter counts-up and the Serial Data Register 
shifts simultaneously. As an exception, if the clock continuous 
output mode is selected, the serial interface stays in “SCK wait- 
ing state” while the transfer clock outputs continuously. 

The Octal Counter becomes “O00” again by 8 transfer 
clocks or execution of STS instruction, so that the serial inter- 
face gets back into the “SCK waiting state”, and SERIAL 
Interrupt Request Flag is set simultaneously. 

When the internal transfer clock is selected, the transfer 
clock output are triggered by the execution of STS instruction, 
and it stops after 8 clocks. 


@ Example of Transfer Clock Error Detection 
The serial interface functions abnormally when the transfer 
clock was disturbed by external noises. In this case, the transfer 











* "Change PMR” means the change of 
operation mode as below: 












* Transmit Mode 
* Receive Mode 
* Transmit/Receive 







Clock Continuous 
Output Mode 









SCK Waiting State 
(Octal Counter = ‘'000"’) 


Transmit/Receive 
(IF S<'1") 


Interrupt 
Disable 


IFS < “0” 


Transfer Clock 
Error Processing 


Fig. 12 Example of Transfer Clock Error Detection 


STS Waiting State 


Octal Counter = “000” 
Transfer Clock Disable 


Transfer Clock 


8 Transfer Clocks, 
STS Instruction 


(IFS <1") 
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clock error can be detected in the procedure shown in Fig. 12. 

If more than 9 transfer clocks are applied by the external 
noises in the “SCK waiting state”, the state of the serial inter- 
face shifts as the following sequence: first “transfer state” 
(while 1 to 7 transfer clocks), second “SCK waiting state” (at 
8th transfer clock) and third ‘transfer state” again. Then reset 
the SERIAL Interrupt Request Flag, and make “STS waiting 
state” by writing to the Serial Mode Register. SERIAL Inter- 
rupt Request Flag is set again in this procedure, and it shows 
that the transfer clock was invalid and that the transmit/receive 
data were also invalid. 


Table 10. Serial Interface Operation Mode 


—_ > 
SMR PMR ; 
Serial Interface Operating Mode 






Clock Continuous Output Mode 
Transmit Mode 







Receive Mode 















Transmit/Receive Mode 


Change PMR“ 


Transfer State 
(Octal Counter # ‘000"’) 





Fig. 11 Serial Interface Operation State 


s TIMER 

The MCU contains a prescaler and two timer/counters 
(TIMER-A, TIMER-B), Fig. 13 shows the block diagram. The 
prescaler is an 11-bit binary counter. TIMER-A is an 8-bit 
free-running timer. TIMER-B is an 8-bit auto-reload timer/ 
event counter. 


@ Prescaler 

The input to the prescaler is a system clock signal. The 
prescaler is initialized to $000 by MCU reset, and the prescaler 
starts to count up the system clock signal as soon as RESET 
input goes to logic “O”. The prescaler keeps counting up except 
MCU reset and stop mode. The prescaler provides clock signals 
to TIMER-A, TIMER-B and serial interface. The prescaler de- 
vide ratio of the clock signals are selected according to the 
content of the mode registers such as — Timer Mode Register A 
(TMA), Timer Mode Register B (TMB), Serial Mode Register 
(SMR). 
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TIMER MODE REGISTER B 
(4bit) 


i 


TMB 
TIMER-B 


N 
fe 


PRESCALER(1 1bit) 


MPX 


e 


ec 


SYSTEM 
CLOCK 


+1024 
+2048 


+2 


CPTA 


TiIMER-A MPX 


TMA(3bit) 


f 


TIMER MODE REGISTER A 


INTERNAL BUS LINE ($1) 
TL(4bit) 4 
TIMER LATCH 


TCB(Sbit) 
TIMER/EVENT COUNTER B 


TROF S| ete 


ZERERER INTERRUPT 
REQUEST FLAG 
TLR(Bbit) OF TIMER-B 


TIMER LOAD REGISTER 


i 





INTERNAL BUS LINE (S2) 


TCA(8bit) TAOF IFTA 
TIMER COUNTER A 


INTERRUPT 
REQUEST FLAG 
OF TIMER-A 


Fig. 13 Timer/Counter Block Diagram 


@ TIMER-A Operation 

After TIMER-A is initialized to $00 by MCU reset, it counts 
up at every clock input signal. When the next clock signal is 
applied after TIMER-A is counted up to $FF, TIMER-A is set 
to $00 again, and generating overflow output. This leads to 
setting TIMER-A Interrupt Request Flag (IFTA: $001, 2) to 
“1”. Therefore, this timer can function as an interval timer 
periodically generating overflow output at every 256th clock 
signal input. 

The clock input signals to TIMER-A are selected by the 
Timer Mode Register A (TMA: $008). 


@ TIMER-B Operation 

Timer Mode Register B (TMB: $009) is used to select the 
auto-reload function and the prescaler divide ratio of TIMER-B 
as the input clock source. When the external event input is 
used as an input clock signal to TIMER-B, select the R33 /INT; 
as INT; and set the External Interrupt Mask (IM1) to “1” to 
prevent the external interrupt request from occurring. 

TIMERSB is initialized according to the value written into the 
Timer Load Register by software. TIMER-B counts up at every 
clock input signal. When the next clock signal is applied to 
TIMER:B after TIMER-B is set to $FF, TIMER-B will be initi- 
alized again and generate overflow output. In this case if the 
auto-reload function is selected. TIMER-B is initialized accord- 
ing to the value of the Timer Load Register. Else if the auto- 
reload function is not selected, TIMER-B goes to $00. TIMER- 
B Interrupt Request Flag (IFTB: $002,0) will be set at this 
overflow output. 
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@ Timer Mode Register A (TMA: $008) 

The Timer Mode Register A is a 3-bit write-only register. 
The TMA controls the prescaler divide ratio of TIMER-A clock 
input, as shown in Table 11. 

The Timer Mode Register A is initialized to $0 by MCU reset. 


@ Timer Mode Register B (TMB: $009) 

The Timer Mode Register B is a 4-bit write-only register. The 
Timer Mode Register B controls the selection for the auto- 
reload function of TIMER-B and the prescaler divide ratio, 
and the source of the clock input signal, as shown in Table 12, 

The Timer Mode Register B is initialized to $0 by MCU reset. 

The operation mode of TIMER-B is changed at the second 
instruction cycle after writing into the Timer Mode Register B. 

Therefore, it is necessary to program the write instruction 
to TLRU after the content of TMB is changed. 


Table 11. Timer Mode Register A 


TMA 
Prescaler Divide Ratio 


oo; o | o | #2048 
ae a ee #1024 
2 ae ae + 612 
ae ee ae a + 128 
a i a a + 32 
a a ee + 8 
Aden, ons Otol +4 
ie ae: ee ae + 2 
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Table 12. Timer Mode Register B 


Auto-reload Function 

















TMB Prescaler Divide Ratio, 
Bit 2 Ciock Input Source 
o | o | 0 +2048 
o | 1 | 0 = 128 
ee ae ee + 32 
1 0 + 8 
1 0 + 2 
1 = 1 INT, (External Event Input) 


@ TIMER-B apaapesiag Upcbetied 
TLRL: $00A, TLRU: $00B 

TIMER-B consists of an 8-bit write-only Timer Load Regis- 
ter, and an 8-bit read-only Timer/Event Counter. Each of them 
has a low-order digit (TCBL: $00A, TLRL: $00A) and a high- 
order digit (TCBU: $00B, TLRU: $00B). 

The Timer/Event Counter can be initialized by writing data 
into the Timer Load Register. In this case, write the low-order 
digit first, and then the high-order digit. The Timer/Event 
Counter is initialized at the time when the high-order digit is 
written. The Timer Load Register will be initialized to $00 by 
the MCU reset. 

The counter value of TIMER-B can be obtained by reading 


PMR:$ 004 





TMA:$ 008 


the Timer/Event Counter. In this case, read the high-order digit 
first, and then the low-order digit. The count value of low-order 
digit is latched at the time when the high-order digit is read. 


@ TIMER-A Interrupt Request Flag (IF TA: $001, 2) 
The TIMER-A Interrupt Request Flag is set by the overflow 
output of TIMER-A. 


@ TIMER-A Interrupt Mask (IMTA: $001, 3) 
TIMER-A Interrupt Mask prevents an interrupt request 
generated by TIMER-A Interrupt Request Flag. 


Table 13. TIMER-A Interrupt Request Flag 









TIMER-A Interrupt 


Request Flag Interrupt Request 









TIMER-A Interrupt 
Mask 






Interrupt Request 


Enable 
Disable (Mask) 





@ TIMER-B Interrupt Request Flag (IFTB: $002, 0) 
The TIMER-B Interrupt Request Flag is set by the overflow 
output of TIMER-B. 


@® TIMER-S8 Interrupt Mask (IMTB: $002, 1) 


TIMER-B Interrupt Mask prevents an interrupt request 
generated by TIMER-B Interrupt Request Flag. 


SMR:$ 005 


eae 


— Transfer clock selection 


Rao/SCK pin mode selection 


Raz /SO pin mode selection 
Rai /SI pin mode selection 
Ra2/INTo pin mode selection 


R33/INT, pin mode selection 


TMB:$ 009 


>< frase TMANTMAO TMB3/TMB2!1TMB1/TMBO 
Sy Neeson aN = , 


ae TIMER-B input clock selection 
Auto-reload function selection 


TIMER-A input clock selection 


Fig. 14 Mode Register Configuration and Function 
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Table 15. TIMER-B Interrupt Request Flag 








TIMER-B Interrupt 


Request Flag Interrupt Request 











IMER-B I 
TIMER mrUpt Interrupt Request 





Enable 
Disable (Mask) 





= INPUT/OUTPUT 

The MCU provides 58 Input/Output pins, and they are con- 
sist of 32 standard pins and 26 high voltage pins. Each standard 
pin may have one of three mask options: (A) “Without pull- 
up MOS (NMOS open drain)”, (B) “With pull-up MOS”, or 
(C) “CMOS”. And also each high voltage pin may have one 
of two mask options: (D) “Without pull-down MOS (PMOS 






vec VCC pMOS(B) 
Pull up MOS (C) 

approximately 40kQ 

to 160k2 


NMOS(A) 


approximately 1kQ 


approximately 2502 





open drain)”, or (E) “With pull-down MOS”. As pull-down 
MOS is connected to internal Vaisp line, select Ray /Vaisp pin 
as Vdisp with mask option when at least one high voltage pin is 
selected as “With pull-down MOS” option. 

When any Input/Output common pin is used as input pin, it 
is necessary to select the mask option and output data as shown 
in Table 18. 


©@ Output Circuit Operation of Standard Pins with “With pull- 
-up MOS” Option 

Fig. 15 shows the circuit used in the standard pins with 
“with pull-up MOS” option. 

By execution of the output instruction, the write pulse will 
be generated, and be applied to the addressed port. This pulse 
will turn “ON” the PMOS (B) to make the transient time 
shorten to obtain “High level’’, if the output data is changed 
from “0” to “1”. In this case, the “write pulse” allows the 
PMOS (B) to turn “ON” as long as 1/8 instruction cycle. While 
“write pulse” is “0”, pull-up MOS (C) may retain the output 
in high level. 

The HLT signal becomes “0” in stop mode, so that MOS (A) 
(B) (C) turn “OFF”. 


| Write pulse 


(Output 
instruction) 










HLT 





Data 


1 Instruction cycle 
a A TESST nO ee 
Output instruction execution 
Write pulse i eee 


Fig. 15 Output Circuit Operation of Standard Pins with ‘‘with Pull-up MOS” Option 
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Table 17 1/0 Pin Circuit Type 


Standard pins 


High voltage pins 


(Note) In the stop mode, HLT signal is ‘0’ and 1/O pins are in high impedance state. 


Without pull-up MOS : : 
(NMOS open drain) With Tee MOS CMOS (C) 


1/0 
common 


pine ALT 
output 


data 


Output 
pins 


HLT 
output 
data 


1/0 
common 
pins 


output 
Output 


pins 





HLT 


Vec Vec 
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write 
pulse 


HLT 


output output 
data data 


write 
pulse 


HLT 


output 
data 


HLT 
output 
data 
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Applied 
pins 


Do ~D3, 
R30 ~R33, 
Rao ~Ra3, 
Rso ~Rs3 


(to be continued) 
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Standard pins 






Applied pins 


Without pull-up MOS (NMOS open drain) 
or CMOS (A or C) 


HLT 
HLT+mode select 


With pull-up MOS (B) 


SCK 










HLT+mode select 









internal SCK internal SCK 







Output 


pins sO 





(Note) In the stop mode, HLT signal is ‘’0’’, HLT signal is ‘'1’’ and !/O pins are in high impedance state. 









Available pin condition 


Table 18 Data Input from Input/Output Common Pins 
1/O pin circuit type for input 


Possibility 
of Input 
CMOS 
MO 


Without pull-up 
S Y 
(NMOS open drain) 
With pull-up MOS 
Y 


es 

es 
Without pull-down 

es 

es 


MOS 
With pull-down Y 
MOS 





Standard 
pins 







(PMOS open drain) 
pins 
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@ D-port 

D-port is 1-bit I/O port, and it has 16 Input/Output common 
pins. It can be set/reset by the SED/RED and SEDD/REDD 
instructions, and can be tested by the TD and TDD instructions. 
Table 17 shows the classification of standard pins, high voltage 
pins and the Input/Output pins circuit types. 


® R-port 

R-port is 4-bit I/O port. It provides 20 input/output com- 
mon pins, 16 output-only pins, and 6 input-only pins. Data 
input is processed using the LAR and LBR instructions and data 
output is processed using the LRA and LRB instructions. The 
MCU will not be affected by writing into the input-only and/or 
non-existing ports, invalid data will be read by reading from the 
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output-only and/or non-existing ports. 

The Raz, Ras, Rao, Rai and Rez pins are also used as the INTo, 
INTi, SCK, SI and SO pins respectively. Table 17 shows the 
classification of standard pins, high voltage pins and Input/ 
Output pins circuit types. 


= RESET 

The MCU is reset by setting RESET pin to “1”. At power 
ON or recovering from stop mode, apply RESET input more 
than trc to obtain the necessary time for oscillator stabiliza- 
tion. In other cases, the MCU reset requires at least two instruc- 
tions cycle time of RESET input. 

Table 19 shows initialized items by MCU reset and each 
status after reset. 


Table 19 Initial Value by MCU Reset 


Items 


Program counter (PC) 
Status (ST) 
Stack pointer (SP) 


(A) Without pull- 
up MOS 
Standard pin} (B) With pull-up 
MOS 


down MOS 
down MOS 


1/0 pin 
output register 
High voltage 


pin 





Interrupt flag 


Mode register 


Timer/Counter, 
Serial interface 


(Note) MCU reset affects to the rest of registers as follows: 


After recovering from STOP mode 
by MCU reset 


Item 


Carry (CA) 

PECUMUlaIOe al The contents of the items before 
B Register (B)| MCU reset are not retained. 

W Register (W)]| It is necessary to intialize them 
X/SPX Registers __ (X/SPX)| PY Software again. 

Y/SPY Registers (Y/SPY) 

Serial Data Register {(SR)| Same as above 


The contents of RAM before MCU 
reset (just before STOP instruction) 
are retained. 


RAM 





Initial value by 
MCU reset 


$0000 


$3FF 


“0000” 
“Q000” 


“0000” 
$000 
$00 
$00 
$00 


Contents 


Execute program from the top of ROM address. 
Enable to branch with conditional branch instructions. 
Stack level is 0. 


Enable to input. 


Enable to input 


Enable to input. 


Enable to input. 


Inhibit all interrupts. 

No interrupt request. 

Mask interrupt request. 

See Item ‘‘Port Mode Register’’. 
See Item ‘‘Serial Mode Register”. 
See Item ‘Timer Mode Register A’’. 
See item ‘Timer Mode Register B’’. 


After MCU reset except for 
the left condition 


The contents of the items before 
MCU reset are not retained. 

It is necessary to initialize them 
by software again. 


Same as above 


Same as above 
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= INTERNAL OSCILLATOR CIRCUIT 
Fig. 16 gives internal oscillator circuit. The oscillator type 
can be selected from a crystal oscillator or a ceramic filter 


oscillator without mask option. In any cases, external clock 
operation is available. 
















Divider 
circuit 
1/8 





Timing 
generator 
circuit 


Oscillator System 


clock 


Fig. 16 Internal Oscillator Circuit 


@ Oscillator Circuit 


Table 20 Examples of Oscillator Circuit 


Circuit configuration Remarks 


Oscillator 


External clock 
operation 


Ceramic filter CSA6.OOMG (Murata) 
Rf : 1MQ+2% 


Ceramic Ci : 30pF+20% 
Ceramic filter | filter C2 : 30pF+ 20% 


oscillator © Wiring between these pins and elements shouid be as short as possible, 


and never cross the other wirings. (Refer to Fig. 17) 


Rf : IMQzt2% 
C1 :10~22pFt20% 
C2 :10~22pF+20% 


Crystal: ATcut parallel resonance crystal 

Co : 7pF max. 
~ Rg : 1002 max. 

f :2.0~6.2MHz 
AT cut parallel resonance crystal e Wiring between these pins should be as short as possible, and 
never cross the other wirings. (Refer to Fig. 17) 


Crystal 
oscillator 


C, Rs 


Co 





Note) Please consult with the engineers of crystal or ceramic filter maker to determine the value of R¢, C; and C2. 
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Sssssp 


Rear y 


Fig. 17 Recommendable Layout of Crystal and Ceramic Filter 
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® LOW POWER DISSIPATION MODE 

The MCU provides two low power dissipation modes, that is, 
a Standby mode and a Stop mode. Table 21 shows the function 
of the low power dissipation mode, and Fig. 18 shows the 
diagram of the mode transition. 


Table 21 Low Power Dissipation Mode Function 
















Low Power 
Dissipation Mode Oscillator 


circuit 


Instruction 
execution 


Standby mode 


Register, 
Flag 


Condition 
















Timer 







Recovering 
Input/ 
ya I Oa 
bin fares 






RESET Input, 
Interrupt request 












Stop mode 






SBY Feteined : : fava si 

instruction etaine Active Retained etained 
STOP 71) : High") 
instruction | stop | Stop RESET Stop Retained |. 


impedance 
*1) As the MCU recovers from STOP mode by RESET input, the contents of the flags and registers are initialized according to Table 19. 
*2) A high voltage pin with a pull-down MOS option is pulled down to the Vdisp power supply by the pull-down MOS. As the MOS is ON, a pull- 
down MOS current flows when a voltage difference between the pin and the Vqisp voltage exists. This is the additional current to the current dis- 


RESET Input 





sipation in Stop Mode (igtap). 


*3) Asa 1/O circuit is active, a 1/O current possibly flows according the state of 1/O pin. This is the additional current to the current dissipation in 


Standby Mode (isgy 1, |sBya)- 












oe 
es 


AS 
Standby \* 
mode 


a 
On 
Sa 


Fig. 18 MCU Operation Mode Transition 


@ Standby Mode 


The SBY instruction puts the MCU into the Standby mode. 


In the Standby mode, the oscillator circuit is active and timer/ 
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counter and serial interface continue working. On the other 
hand, the CPU stops since the clock related to the instruction 
execution stops. Registers, RAM and Input/Output pins retain 
the state they had just before going into the Standby mode. 

The Standby mode is canceled by the MCU reset or interrupt 
request. When canceled by the interrupt request, the MCU 
becomes an active mode and executes the instruction next to 
the SBY instruction. At this time, if the Interrupt Enable Flag 
is “1”, the interrupt is executed. If the Interrupt Enable Flag 
is “0”, the interrupt request is held on and the normal instruc- 
tion execution continues. 

Fig. 19 shows the flowchart of the Standby Mode. 


@ Stop Mode 

The STOP instruction brings the MCU into the Stop mode. 
In this mode the oscillator circuit and every function of the 
MCU stop. 

The Stop mode is canceled by the MCU reset. At this time, 
as shown in Fig. 20, apply the RESET input for more than trc 
to get enough oscillator stabilization time. (Refer to the “AC 
CHARACTERISTICS”.) After the Stop mode is canceled, 
RAM retains the state it had just before going into the Stop 
mode. The other hand, Accumulator, B Register, W Register, 
X/SPX Registers, Y/SPY Registers, Carry and Serial Data 
Register don’t retain the contents. 
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SBY 


Oscillator Active 

Peripheral Clocks 
Active 

All Other Clocks 

Stop 










x 





<p. No 
SL SI 
#3 


Restart , Restart 
Processor Clocks Processor Clocks 
No 


Yes (C) 


(A) (B) 
Reset MCU Execute Interrupt 
Instruction Accept 


Fig. 19 MCU Operating Flowchart 


Stop mode 


Internal clock Pe Oa (ee 


RESET 
| tres 


STOP instruction execution (more than stabilization time: tac) 







Fig. 20 Timing Chart of Recovering from Stop Mode 
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= RAM ADDRESSING MODE 

As shown in Fig. 21, the MCU provides three RAM address- 
ing modes; Register Indirect Addressing, Direct Addressing and 
Memory Register Addressing. 


@ Register Indirect Addressing 
The combined 10-bit contents of W Register, X Register and 
Y Register is used as the RAM address in this mode. 


RAM Address 
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@ Direct Addressing 

The direct addressing instruction consists of two words and 
the second word (10 bits) following Op-code (the first word) is 
used as the RAM address. 


@ Memory Register Addressing 

The Memory Register Addressing can access 16 digits 
(Memory Register: MR) from $020 to $02F by using the LAMR 
and XMRA instruction. : 


W-Register X-Register 


CR pe NG eg ee ae NG ee EN 
inl 


Y -Register 






(a) Register Indirect Addressing 


Instruction 1st Word 


RAM Address 


Instruction 2nd Word 





(b) Direct Addressing 


RAM Address 


Instruction 


> OO 
oe. isi eli 
peal arte eal ara la 













(c) Memory Register Addressing 


Fig. 21 


RAM Addressing Mode 
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= ROM ADDRESSING MODE AND P INSTRUCTION 
The MCU has four kinds of ROM addressing modes as shown 
in Fig, 22. 


@ Direct Addressing Mode 

The program can branch to any addresses in the ROM 
memory space by using JMPL, BRL or CALL instruction. 
These instruction replace 14-bit program counter (PC,3 to 
PCy) with 14-bit immediate data. 


@ Current Page Addressing Mode 

ROM memory space is divided into 256 words in each page 
starting from $0000. The program branches to the address in 
the same page using BR instruction. This instruction replace 
the lower-order eight bits of program counter (PC7 to PCo) 
with 8-bit immediate data. The branch destination by BR 


Instruction 1st Word 
(JMPL) 
(BRL) 
(CALL) 





Program Counter [PCis PCiz PCi, PCio PCy PCy PC7 PCy PCs PCy PC, PC2 PC, PCo 


instruction on the boundary between pages is in the next page. 
Refer to Fig. 24. 


@ Zero Page Addressing Mode 

The program branches to the zero page subroutine area, 
which is located on the address from $0000 to $003F, using 
CAL instruction. When CAL instruction is executed, 6-bit 
immediate data is placed in low-order six bits of program 
counter (PCs; to PCy) and “0’s” are placed in high-order eight 
bits (PC,3 to PC,). 


@ Table Data Addressing 

The program branches to the address determined by the 
contents of the 4-bit immediate data, accumulator and B regis- 
ter, using TBR instruction. 


Instruction 2nd Word 








(a) Direct Addressing 


Program Counter PC:; PCi2 PCs PCio PCy PCs PC, PC. PCs PC, PC3 PC. PC, PCy 


Instruction 





(BR} 


OP Code] bs be bs ba ba ba bi bo 








(b) Current Page Addressing 


“Oo” “Oo” “O" “QO” “Oo” 


Program Counter 


PCa PCy2 PCs POro POs PCa PC> PCe PCs PCa PCs PC2 PCi PCo 





Instruction 






“QO” “QO” “O” 


(c) Zero Page Addressing 


Instruction 


(TBR) 





Program Counter 


PCis PCi2 PC1; PCip PCy PCa PCz PCo PCs PCa PCs PC2 PC; PCo 









B Register Accumulator 


(d) Table Data Addressing 


Fig. 22 ROM Addressing Mode 


Instruction 


(P) 





Referred ROM Address |RA.;RA,, RAnRAi0 RAs RAs RA, RAs RAs RAs RA; RA; RA; RAs 


(a) 







ROM Data RO, RO; RO, RO;. RO; RO, RO; RO2 RO, ROo 


Output Register R1,R2] Res Rez Rar Rao} Ris Riz Ri Rio 
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B Register Accumulator 


Address Designation 


7 If RO, =1 


(b) Pattern Output 


Fig. 23 P Instruction 


@ P Instruction 

The P instruction refers ROM data addressed by Table Data 
Addressing. ROM data addressed also determine its destination. 
When bit 8 in referred ROM data is “1”, 8 bits of referred 


256(n—1)+ 255 
256n 


256n +254 
256n +255 
256(n+ 1) 








Fig. 24 The Branch Destination by BR Instruction on 
the Boundary between Pages 
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ROM data are written into the accumulator and B Register. 

When bit 9 is “1”, 8 bits of referred ROM data are written into 

the R1 and R2 port output register. When both bit 8 and 9 are 

“1”, ROM data are written into the accumulator and B Register 

and also to the Ri and R2 port output register at a same time. 
The P instruction has no effect on the program counter. 


= INSTRUCTION SET 

The HMCS400 series provide 99 instructions. These instruc- 
tions are classified into 10 groups as follows; 
Immediate Instruction 
Register-to-Register Instruction 
RAM Address Instruction 
RAM Register Instruction 
Arithmetic Instruction 
Compare Instruction 
RAM Bit Manipulation Instruction 
ROM Address Instruction 
Input/Output Instruction 
Control Instruction 


HMCS404AC 



















OPERATION 





Table 22. Immediate Instruction 
MNEMONIC | OPERATION CODE | FUNCTION | STATUS 
LAN i 10001 Nisizirio fe ae 





Load A from immediate 





Load B from Immediate 






Load Memory from Immediate LMID i,d iM 
dg de dy dg ds da 3 d2 di do 
LMIIY i 101001 


Load Memory from Immediate, Increment Y i3 i2 11 ip |i >M,Y+1-Y 



















OPERATION 


















Load A from B 
Load B from A 
Load A from Y 
Load A from SPX 
Load A from SPY 
Load A from MR 
Exchange MR and A 


pay fooreroaiii[ wal 
TeAseK foo O11 OT 000) axa] 
sryoa |_| 

fd 











LASPY 0001011000|_ SPY-A | 


1 M3M2MiMo 















Table 24. RAM Address Instruction 


Load W from Immediate LWI i 171 

Load X from Immediate LXt i V1 

Load X from A | LxA [0011101000 A—X | 11 
LYA A—-Y 


Load Y from A 0011011000 11 
Increment Y low 0001011100 V1 








Decrement Y DY 0011011111 1/1 
Add A to Y AYY 0001010100 1/1 
Subtract A from Y SYY 0011010100 V/1 


| NB 
Exchange X and SPX XSPX 0000000001 | V1 

be ead 

wae 





























Exchange Y and SPY XSPY 0000000010 YoSPY 1/1 


Exchange X and SPX,Y and SPY XSPXY 0000000011 | X+SPX,Y-+SPY V4 





Table 25. RAM Register Instruction 


WORD. 
FUNCTION STATUS 


00100100yx MA, (¥-788¥) 









OPERATION MNEMONIC | OPERATION CODE 





Load A from Memory LAM(XY) 


0110010000 
sites cdl dli LAMD 4 | frdedrdsdsdetsendide | M~A | 
Load B from Memory LBM(xYy) |00010000yx MB, (Vspy) | | 
Load Memory from A LMA(Xy) [00100101yx | A>M (EOS) [| 
0110010100 x 
Load Memory from A MAD. dy ot oe ete | AM 2/2 
Load Memory from A, Increment Y LMAIY(X) 1[000101000x [A-M.Y+ 1-Yix-sPx) | NZ | 
Load Memory from A, Decrement Y | LMADY(X) |001101000x |A+M,Y— 1—>Yix-sPx) | NB | 
Exchange Memory and A XMA(XY) |00100000yx MA, (X78) a 
MAD d |0110000000 MoA 
Exchange Memory and B XMB(XY) |00110000yx MesB, (Yo S5y ee 
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Note) (XY) and (x) have the meaning as follows: 


(1) 


MNEMONIC 


(2) 


FUNCTION 


X SPX, Y SPY 


FUNCTION 








Table 26. Arithmetic Instruction 


OPERATION 


Add Immediate to A 
Increment B 

Decrement B 

Decimal Adjust for Addition 
Decimal Adjust for Subtraction 
Negate A 

Complement B 

Rotate Right A with Carry 
Rotate Left A with Carry 

Set Carry 

Reset Carry 

Test Carry 

Add A to Memory 

Add A to Memory 

Add A to Memory with Carry 
Add A to Memory with Carry 
Subtract A from Memory with Carry 
Subtract A from Memory with Carry 
OR A and B 

AND Memory with A 

AND Memory with A 

OR Memory with A 

OR Memory with A 

EOR Memory with A 

EOR Memory with A 




















The instructions with (XY) have 4 mnemonics and 4 object codes for each. (example of LAM (XY) is given below.) 


The instructions with (x) have 2 mnemonics and 2 object codes for each. (example of LMATY (X) is given below.) 








WORD, 

MNEMONIC | OPERATION CODE | FUNCTION | STATUS ee 
CYCLE 

Al i 10100 Ois iz is io A+i-A OvF | 1/1 

1B 0001001100 B+1—B NZ AA 

| DB = {0011001111 B-1—B NB 1/1 
DAA 0010100110 1 

DAS 0010101010 as EZ 

NEGA 0001100000} ‘A+1-—-A 1/1 

COMB 0101000000 B—B 1/1 

ROTR 0010100000 1/1 

ROTL 0010100001 V/1 

SEC 0011101111 1CA 1 

REC 0011101100 0-—-CA 1/1 

| AM ———- [0000001000 M+A >A OVF | 1/1 
awe @ [SERS REINS | _Meaca | ow | 272 
AMC 0000011000 |M+A+CA>A| OVF | 1/1 

AMCD 4 | Si dadrdedededsdrhh | M+A+CA-A| OVF | 2/2 

SMC 0010011000 |M-A-CA+A| NB 1/1 

smco 4 19.1,199,,1999 [M-A-cA-a] NB | 272 

| OR  —«| 0101000100 AUB >A vV/1 
| ANM =: [001001 1100{ ANM=A NZ 1 

OT1T00711 
| ANMD d | 9 4d; dade de da dads & NZ | 2/2 
| ORM —- [0000001 100| AUM—>A NZ 1/1 
OQ 6 
ormp d [916 ERS NZ 2/2 
| EORM =| 0000011100 A@M—A NZ 1/1 
OTO0O00 100 
EORMD 4 | Go dedrdedsdadadzdidy| A®M—A NZ | 2/2 
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Table 27. Compare Instruction 





OPERATION 






MNEMONIC | OPERATION CODE 





Immediate Not Equal to Memory 





INEM i 00001 Ois iz i: io 
















i <M 


NZ 
































———+ 


Jword 
FUNCTION | STATUS Pa 
ml YCLE 


1/1 



















































































Immediate Not Equal to Memory a INEMD id [91.99 Ob Ry feast 7M nz | 2/72 
A Not Equal to Memory ANEM 0000000100 A#M NZ 1 
A Not Equal to Memory ANEMD d|Q190090100 1 azm | nz | 272 
B Not Equal to Memory BNEM 0001000100 BéAM NZ 1/1 
Y Not Equal to Immediate YNEI i 00011 1Nisizi: iat Y#i NZ 1/1 
Immediate Less or Equal to Memory LEM i 0000 1 1 is i2 it io isM NB V1 
Immediate Less or Equal to Memory ILEMD id ete die oc aar gu ; isM NB 2/2- 
A Less or Equal to Memory [ ALEM 000001010 O |. AsM NB V1 
A Less or Equal to Memory =| AU d [ooo eae og] Asm NB. | 272 
B Less or Equal to Memory BLEM 0011000100 B<M NB 171 
A Less or Equal to immediate | ALEI i 10101 1 53 i2 is to . As i NB 171 














Table 28. RAM Bit Manipulation Instruction 


OPERATION 


Set Memory Bit 











Set Memory Bit 
Reset Memory Bit 
Reset Memory Bit 
Test Memory Bit 
Test Memory Bit 











WOR 
MNEMONIC | OPERATION CODE | FUNCTION | STATUS pas i. 
SEM n 00100001Mino| 1—Min) v1 
i 
SEMD nd | OOO oo wate | 1Min) 2/2 
| REMn =|00100010nino 0—M(n) v1 
0171 0010 
| REMD nd | 2448 Oo da aine| _O--Min) 2/2 
| TMn — | 00100011 nino Min) | 1/1 
OTT O11 
TMD nd sted Gece a aie Min) 2/2 





Table 29. ROM Address Instruction 











MNEMONIC | OPERATION CODE 





















































































OPERATION FUNCTION ; STATUS 
Branch on Status 1 | 1 1 brbebsbabsb2bibo 
0101 1 1 Psp2pipo 
Long Branch on Status 1 BRL dade 6 de du a a 
rae 010101 2p 1Po 
Long Jump Unconditionally Mee Us da Ge Os Ge ds ds 
Subroutine Jump on Status 1 CAL 011 1 asaqa3a2aiao 1 1/2 
Long Subroutine Jump on Status 1 CALL AGREE Ribimets 2/72 
Table Branch TBR 00101 1 pap2pipo 
Return from Subroutine RTN 0000010000 
Return from Interrupt RTNI 0000010001 








Table 30. Input/Output Instruction 





OPERATION 


_| wvewone OPERATION CODE 
























FUNCTION 























STATUS 








Set Discrete I/O Latch SED 0011100100 1 
Set Discrete !/0 Latch Direct SEDD m {1011 1.0 mamamimo| 1—>D(m) ain 1 
Reset Discrete |/O Latch 0001100100! o-DY) w/1 
Reset Discrete I/O Latch Direct L REDD m 1100110 ee V1 
Test Discrete !/O Latch te 0011100000 171 
Test Discrete I/O Latch Direct | TDD m [1010 1 0 mamzmimo eH 1 
Load A from R-Port Register LAR m {100101 mamamimo} Rim)—>A | | 1/1 


330 











HMCS404AC 


Table 31. Control Instruction 


MNEMONIC | OPERATION CODE 


NOP 0000000000 
0101001000 
0101001100 
0101001101 























WORD 


CYCLE 
V1 


V1 
1/1 
1/1 


OPERATION FUNCTION STATUS 













No Operation 
Start Serial 
Stand-by Mode 
Stop Mode 






























Table 32, Op-Code Map 





X {Re 


RQ rN ier 516/71] 8 ay Al Cc ble Flo]4 


(INEM i(4) INEMD i(4) 
ILEM i(4) ILEMD i(4) 


Ca Ls ca [on] [sis] se 
TT a wT MPL ota 

cu eel Te call ott 

7 YNEI i(4) BRL p(4) 

ee ee ae TREMD nia) [TMD i) 

EO 

[A [rompon] oslo wid ia) 

TBR p(4) P p(4) 

Pe aaa Rar 

Po fiwapvey fmf faa eat r 

i a 

ECs See eRe EE 

LBI i(4) 


ro) 
ee 
pO ed 
Ee 




















Ld 











Hi 
a 




















aa aaa il 
| 5 | LAR m4) || 
8 
7 
BR b(8) 
1/8 Al Ha) 
a 
| A TOD mia) 
B 
Cc 
| 2 | |_| 
Ca eee eee 
a 
; “ 7 . RAM Direct Address ... 2word/2-cyc 
4 eeukdene ca aaneion, Ci Instruction CJ ae 


(2-word/2-cycte) 
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= MASK OPTION LIST 

® Family Name @ HMCS404AC 

@ Package O DP-64S O FP-64 

© 1/0 Circuit Type A; Without Pull-up MOS (NMOS Open Drain) 

; With Pull-up MOS 

CMOS 

+ Without Pull-down MOS (PMOS Open Drain) 
; With Pull-down MOS 


1/0 OPTI 


Date of Order 
Customer 


ROM Code Name 


LSI Type Number 
(Hitachi's entry) 





moo ® 


INPUT/OUTPUT INPUT/OUTPUT 





Input/Output tnput/Output 


Pins 


> 
o 


Input/Outpu Input/Outpu 


~ 


Input/Outpu Input/Output 


Standard 


Input/Outpu Input/Output 





Input/Output Input/Output 


Input/Output Input/Output 
Input/Output Input/Output 
Input/Output Input/Output 


Input/Output Input/Output 


- 


Input/Output Input/Outpu 





o 


Input/Output Input/Outpu 


Input/Outpu Input/Output 


> 


High Voltage Pins 


Input/Output 


Input/Output 


Standard Pins 


Input/Output 





Input/Output 


= outa == | 
ee 
| | | fe 


2 
°o 


D 
= 


=] 
3 


Output 


| Out | 
= 
2 ue 


x 
wo 


Output 
Input/Output 
Input/Output 
Input/Output 
Input/Output 
tnput/Output 


Input 


Input/Output 


Input/Output 





a U 
| 2 | 4] | 8 


> 


Input/Output Please Mark on Raq/Vaisp 


*Rai/Vdisp (RA1) © Rat: Without Pull-down MOS (D) O Vdisp (VDISP) 


®@ Oscillator (OSC) ® Crystal or Ceramic Filter 
Oscillator (XTAL) 
© Divider (DIV) @ Divide-by-8 (D-8) 
®ROM Code Media O EPROM: Emulator Type O EPROM: EPROM On-Package Microcomputer Type 


Note 1) 1/O Options masked by are not available. 
Note 2) Rai/Vdisp has to be selected as Vgisp pin exept the case that all High Voltage Pins are option D. 
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= PACKAGE DIMENSIONS (Unit: mm) 








(DP-64S) (FP-64) 
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HMCS404CL (HD614045) 


The HMCS404CL is a CMOS 4-bit single-chip microcomputer 
which is a member of the HMCS400 series. 

The HMCS404CL is a 3V operation version of the HMCS- 
404C. 

The HMCS404CL has efficient and powerful architecture and 
its software is very similar to the HMCS40 series. 

This microcomputer provides variety of on-chip resources 
such as ROM, RAM, I/O, two timer/counters and a serial inter- 
face to perform in wide users’ applications. 

The HMCS404CL also has the characteristics of high speed 
and low power dissipation and which I/O pins are able to drive 
fluorescent display tube directly. 


HMCS404CL 


HARDWARE FEATURES 
4-bit Architecture ine Pe) 
4,096 Words x 10-bit ROM 
256 Digits x 4-bit RAM HMCS404CL 
58 I/O Pins, including 26 high voltage !/O pins (40V Max) 
Two Timer/Counters 
11-bit Prescaler 
8-bit Free Running Timer 
8-bit Auto-Reload Timer/Event Counter 
® Clock Synchronous 8-bit Serial interface 
@ Five Interrupt Sources 
External 
Timer/Counter 
Serial Interface 
® Subroutine Stack 
Up to 16 levels including interrupts 
@ Wide Vcc Supply Voltage Range — 2.7V to 6V (FP-64) 
Minimum Instruction Execution Time — 4 ys 
@ Two Low Power Dissipation Modes 
Standby — Stops instruction execution while keeping 
clock oscillation and interrupt functions in op- 
eration. 





- NN 





VERSATILE PROGRAM DEVELOPMENT SUPPORT TOOLS 
H68SD Series Macro Assembler 
H68SD5-use Emulator (With Reali Time Trace Function) 


Stop — Stops instruction execution and clock oscilla- EPROM On Package Microcomputer 
tion while retaining RAM data Mask options are fixed as follows: 
© On-Chip Oscillator * VO pin: Open drain — 
External Connection of Crystal or Ceramic Filter (externally * Oscillator : Crystal Oscillator or Ceramic Filter Oscillator 
drivable) (externally drivable) 


* Divider <: Divided-by-8 
m SOFTWARE FEATURES 
® Instruction Set Similar to and More Powerful than HMCS40 
Series; 99 Instructions 
High Programming Efficiency with 10-bit ROM/Word; 79 in- 
structions are single word instructions 
Direct Branch to All ROM Area 
Direct or Indirect Addressing to Ali RAM Area 
Subroutine Nesting Up to 16 Levels Including Interrupts 
Binary and BCD Arithmetic Operation 
Powerful Logical Arithmetic Operation 
Pattern Generation — Table Look Up Capability — 
Bit Manipulation for Both RAM and 1/0 
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# PIN ARRANGEMENT (Top View) 





Dn 
Diz. 
na Ror 
Dis Roz 
a ra 
Roz Rio 
Roa 
Rio § Ri 
Run Riz 
Riz R 
R13 2 
R20 Ro 
Ra Ras 
R22 
Ra Raz 
Rao R23 
Rar Vdispiy Rio 
Rao 
Rar Ras /Vaispt 13] 
Raz “INTO R20 
Raa INTIS 
Reso Ras 
Res Raz/INTo 1 16] 
R52 mmener 
Rss Raa /INTr 
Reo 
Re Rso 18} 
Rez Rst 
Rea 
Vee 





® BLOCK DIAGRAM 


/Rer/ Rez/ Ry/ RK 
Ra/ Rev on re RESET TEST OSC, OSG Vec GND 


TIMER| TIMER EXTERNAL 
A B INTERRUPT 


INTERRUPT CONTROL 


: INSTRUCTION 
RAM 256x4bit pi ECODER C— 









SYSTEM CONTROL 





#096x10bit 





ri-qe-ft-q-9 -PE-E-b-i-m cr- -t-4 rt- 


._1 High Voltage Pins 
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= ABSOLUTE MAXIMUM RATINGS 




















Item Symbol Note 
Supply Voltage Vee —0.3 to +7.0 
a ina Noles Vy 3 
Vec —45 to Vec +0.3 4 
Total Allowance of Input Currents Zo 5 
Total Allowance of Output Currents —Zlo 6 





Maximum Input Current 7,8 


es 
2,10 
Maximum Output Current 9,11 


9,12 
Operating Temperature Topr —20 to +75 
Storage Temperature —55 to +125 “¢ 


(Note 1) Permanent damage may occur if ‘Absolute Maximum Ratings’’ are exceeded. Normal operation should be under the conditions of 
“Electrical Characteristics”. 1f these conditions are exceeded, it may cause the malfunction and affect the reliability of LSI. 

(Note 2) All voltages are with respect to GND. 

(Note 3) Applied to standard pins. 

(Note 4) Applied to high voltage pins. 

(Note 5) Total allowance of input current is the total sum of input current which flow in from all {/O pins to GND simultaneously. 

(Note 6) Total allowance of output current is the total sum of the output current which flow out from V¢¢ to all 1/O pins simultaneously. 

(Note 7) Maximum input current is the maximum amount of input current from each I/O pin to GND. 

(Note 8) Applied to Dy ~ D3 and R3 ~ R8. 

(Note 9) Maximum output current is the maximum amount of output current from Vcc to each 1/0 pin. 

(Note 10) Applied to Dp ~ D3 and R3 ~ R8. 

(Note 11) Applied to RO ~ R2. 

(Note 12) Applied to D, ~ Dis. 
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@ ELECTRICAL CHARACTERISTICS 


_@ DC CHARACTERISTICS (Vcc=2.7V to 6V, GND = OV, Vdisp = Vec—40V to Voc, Ta = — 20 to +75°C, if not specified.) 


Item 


Input “High” 
Voltage 


Input ‘‘Low” 
Voltage 


Output “High” 
Voltage 


Output “‘Low” 
Voltage 


Input/Output 
Leakage Current 


Current 
Dissipation in 
Active Mode 


Current 
Dissipation in 
Standby Mode 


Current 
Dissipation in 
Stop Mode 
Stop Mode 
Retain Voltage 





‘SCK, SO —lon =0.1 mA 
lo, =0.4mA 





RESET, SCK 
Ihe | INTo, INTi, |Vin =OV to Vec 
$I, SO, OSC: 





hin 
=2 


lec Vec MH 


Maximum Logic Operation 


Veco =3V 
fosc = 2 MHz 


IsBy1 Vec 





Minimum Logic Operation 
Veco =3V 
fose = 2MHz 


Issy2 | Vcc 


win (TEST) = Vcc-0.2V to Voc 


stop | Vee Vin (RESET) = OV to 0.2 V 
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a ee 





3 
> 





mA 





3 .~ 
BEBBRBREnE 


Note 


_ 


ad 
rep) 


“ 
ro) 


ce 
fo) 


o 
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{Note 1) Pull-up MOS current and output buffer current are excluded. 
(Note 2) The MCU is in the reset state. The input/output current does not flow. 
Test Conditions: MCU state; © Reset state in Operation Mode 
Pin state; @ RESET, TEST --. Voc voltage 
@ Dy ~D3, R3~R9 --- Veg voltage 
@D.~D.;5, RO~R2, Rao » Rar: Vdisp voitage 
(Note 3) The timer/counter operate with the fastest clock and ingutouiput current does not flow. 
Test Conditions: MCU state; ®@ Standby Mode 
© Input/Output; Reset state 
® TIMER-A; +2 prescaler divide ratio 
©@ TIMER-B; +2 prescater divide ratio 
@ SERIAL Interface ; Stop 
Pin state; ®@ RESET -.-GND voltage 
© TEST --- Voc voltage 
®Do~D;, R3~R9Y --- Veg voltage 
®0,~0,;, RO~R2, Rao. Rai + Vdisp voltage 
(Note 4) The timer/counter operate with the slowest clock and input/output current does not flow. 
Test Conditions: MCU state; © Standby Mode 
@ Input/Output; Reset state 
@ TIMER-A; +2048 prescaler divide ratio 
® TIMER-B; +2048 prescaler divide ratio 
®@® SERIAL Interface ; Stop 
Pin state; ® RESET ..- GND voltage 
@ TEST --- Voc voltage 
®D.~D;, R3~RP9 --- Veg voltage 
@D,~D\s, RO~R2, Rao, Rai + Vdisp voltage 
(Note 5) Pull-down MOS current is excluded. 
(Note 6) When fogc=x [MHz] , the Current Dissipation in Operation mode and Standby mode are estimated as follows: 





{When Divide-by-8 (D-8) option is selected.) max. value (fog¢=x [MHz] ) 23x max. value (fogc=2 [MHz] ) 


@ INPUT/OUTPUT CHARACTERISTICS FOR STANDARD PIN 
(Vec= 2.7V to 6V, GND = OV, Vdisp = Vec —40V to Voc, Ta = —20 to +75°C, if not specified.) 


Symbol} Test Conditions | Vawe Unit 
sms | Patan | min [typ | max | 
Do ~ Ds, 
im BSR | imme | Pre 
o ~ Ds, 
[vu [RRA RE no eee a18Voc | | 
Do~D 
Por [sm Pesce pees T Lo 
Do ~ oe 
gg wwove pp 
Do ~D3, vce. 3V 
mom Ne Eagar 
Do ~ D3, Vcc = 5V 


(Note 1) Applied to I/O pins with ““CMOS" output selected by mask option. 
(Note 2) Pull-up MOS current and output buffer current are excluded. 
(Note 3) Applied to 1/O pins ‘‘with Pull-up MOS” setected by mask option. 














Note 


Input “High” 
Voltage 






Input “Low” 
Voltage 
Output “High” 
Voltage 


















Output “Low” 
Voltage 





Input/Output 
Leakage Current 






Pull-Up MOS 
Current 
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@ INPUT/OUTPUT CHARACTERISTICS FOR HIGH VOLTAGE PIN 
(Voc = 2.7V to 6V, GND = OV, Vuisp = Vcc —40V to Vcc, Ta = —20 to +75°C, if not specified.) 




































ee eT 
typ 
Input “High” Da ~ Dis, R1 0.85V Ve 3 
Voltage R2,Rao, Ras cc cc 
Input “Low” Da~Dis , 
Voltage ae R2, Rao. Rat veers? — pel cA Id 
=loa=Tbma, VeceSVE10%| Vee=30 |= [= TW 
Output “High” Von —lon =2.5mA at Vv 
Voltage —lon=3 mA, Vec=5V210% | - is Vv 
—loH=0.5 mA = vo 
Da~Dis - 
Output “Low” |, RO~R2 Vaio = Vec~40V Vec—37 | V 1 
Voltage o De~Dis 150kQ to Veg—40V Vee-37 | V 2 
RO~R2 are 7 com 
Input/Output the! Da~Di1s 
Leakage It RO~R2 Vin = Vec—40V to Voc - 20 uA 3 
Current Rao, Rai 
Da~Dis i. 
Pull Down MOS | RO~R? Vai = Veo—38V enn a P 
urrent Rao, Ray in ~ Yoo 





(Note 1) Applied to 1/O pins ‘‘with Pull-down MOS" selected by mask option. 

(Note 2) Applied to I/O pins ‘‘without Pull-down MOS (PMOS Open Drain)" selected by mask option. 
(Note 3) Pull-down MOS current and output buffer current are excluded, 

(Note 4) Applied to I/O pins ‘with Pull-down MOS" selected by mask option. 
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© AC CHARACTERISTICS (Vec=2.7V to 6V, GND = OV, Vdisp = Vec- 40V to Vcc, Ta = — 20 to +75°C, if not specified.) 


























Oscillation Frequency OSC1 , OSC2 | 
Oscillator Stabilization Time osc:1,0SC2 | sd | ms | 1 
External Clock “High” 

External Clock “Low” 

re Se 
INTo “Low” Level Width toL INTo Pe dl teye._| 3 
INT: “High” Level Width tian INT: to ed hye [3 

in 


(Note 1) Oscillator stabilization time is the time until the oscillator stabilizes after Vcc reaches 2.7V at ‘‘Power-on”’, or after RESET input level goes 
“High” by resetting to quit the stop mode by MCU reset. The circuits used to measure the value are described below. When using crystal 
or ceramic filter oscillator, please ask a crystal oscillator maker's or ceramic filter maker's advice because oscillator stabilization time 
depends on the circuit constant and stray capacity. 


Crystal oscillator Ceramic filter oscillator 





Crystal: 2.097152MHz DS-MGQ308 (Seiko Denshi) Ceramic filter: CSA2.000MK (Murata) 
Ri = 2M # 2%. Rd = 2.2kM + 2% Rf = 1MQ + 2%, Ci=C2= 30pF +20% 


C, =10pF + 20% 
C2, = 10pF + 20% 


(Note 2) (Note 3) 







tloL, tHL 





tcPr tcPft 







(Note 4) 
0.85Vcc 


RESET 0.15Vcc 


trstt 
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@ SERIAL INTERFACE TIMING CHARACTERISTICS 
(Vcc=2.7V to 6V, GND = OV, Vdisp = Vec— 40V to Vcc, Ta = —20 to +75°C, if not specified.) 


* At Transfer Clock Output 


{tem Symbol! 
Transfer Clock Cycle Time tseye 
Transfer Clock “High” . 
Level Width SCKH 
Transfer Clock “Low” t 
Level Width SCKL 


SCK 


SCK 
CK 


(Note 2) 


Test 
Conditions 


(Note 2) 0.5 





Transfer Clock Rise Time 
Transfer Clock Fall Time 


Serial Output Data 
Delay Time 


tsckr 





tscKkt 


tpso 


Serial tnput Data Set-up Time 
Serial Input Data Hold Time 


tss) 
tus! 


* At Transfer Clock Input 


Item Symbol 





SCK 


7) all on 
n 8 


Test 
Conditions 
CK 


Transfer Clock Cycle Time teave )  ScK | | 
Transfer Clock ‘’High” See 

Level Width tsckH SCK a 
Transfer Clock “Low” Sree 

Level Width tseKL SCK a 
Transfer Clock Rise Time tsckr SCK i= =o dl 
Transfer Clock Fall Time tscke SCK ho = 


Serial Output Data 
Delay Time 


Serial Input Data Set-up Time 
Serial Input Data Hold Time 


tpso 


tssi 


(Note 1) Timing Diagram of Serial Interface 










SCK Vcc—0.5V (0.85Vcc)* 
0.4V (0.15Vcc)* 





so 


S$! 


Vec—0.5V 
0.4V 


" 0.85Vcc y 
0.15Vcc 


*Vcc—0.5V and 0.4V are the threshold voltage for transfer clock output. 
0.85V cc and 0.15V¢c¢ are the threshold voltage for transfer clock input. 


(Note 2) Timing Load Circuit 
Vec 
RL =2.6kQ2 
Test 
Point 
c R 1$2074@ 
30pF 12kQ or Equiv, 
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@ CHARACTERISTICS CURVE (REFERENCE DATA) 


Ta=—20~+75€C 
fosc=2MHz 













































































Ta = —20 ~ +75°C 
fogo= 2MHz 
| 1 
2 oe 
q 
8 ES 
2 
= 
a 
VecV) 
icc vs. Voc Characteristics VeclV) 
(Crystal, Ceramic Filter Oscillator) Isay vs. Vcc Characteristics 
(Crystal, Ceramic Filter Oscillator) 
500 
400 
ae. 








Id (uA) 























100 








VeclV) 


—Ip (Pull-up MOS Current) vs. 
Vcc Characteristics 




















0 10 20 30 40 50 
Vec—VdispV) 
Iq (Pull-down MOS Current) vs. 
(Vcc—Vdisp) Characteristics 


























loc min.(mA) 





























-lOH min. (mA) 














Vor(V) Vcc-VoH (V) 
lot min. vs. Vou Characteristics —loy min. vs. (Vec—Von) Characteristics 
(Standard Pin) ; (Standard Pin ““CMOS”) 
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—low min.(mA) 


























0 1 


2 
Vcc~-VoH (V) 


—lonH min. vs. (Vec—VouH) Characteristics 
(Da ~ Dis Pins) 
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® DESCRIPTION OF PIN FUNCTIONS 
Input and output signals of MCU are described below. 


© GND, Vcc. Vaisp 

These are Power Supply Pins. Connect GND pin to Earth 
(OV) and apply Vcc power supply voltage to Vcc pin. Vadisp 
is an power supply for high voltage Input/Output pins with 
maximum voltage of Vcc-40V. Vaisp pin can be also used as 
Ra pin by mask option. For details, see “INPUT/OUTPUT”. 


@® TEST 

TEST pin is not for user’s application. TEST must be con- 
nected to Vcc. 
@ RESET 

RESET pin is used to reset MCU. For details, see “RESET”. 


® OSC,, OSC, 

These are Input pins to the internal oscillator circuit. They 
can be connected to crystal, or ceramic filter resonator. For 
details, see “INTERNAL OSCILLATOR CIRCUIT.” 


® D-port (Do to Di 5) 

D-port is a 1-bit Input/Output common port. Do to Ds are 
standard type, D4 to Ds are for high voltage. Each pin has the 
mask option to select its circuit type. For details, See “INPUT/ 
OUTPUT”. 


® R-port (RO to RA) 

R-port is a 4-bit Input/Output port. (only RA is 2-bit con- 
struction.) RO and R6 to R8 are output ports, R9 to RA are 
input ports, and R1 to RS are Input/Output common ports. 
RO to R2 and RA are the high voltage ports, R3 to R9 are the 
standard ports. Each pin has the mask option to select its cir- 
cuit type. R3z, R33, Reo, Rai and Raz are also available as 


INTo, INT:, SCK, SI and SO respectively. For details, see 
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—lQH min. (mA) 























4 


5 
Vec—-VoHu (Vv) 


—lon min. vs. (Vec~Von) Characteristics 
(RO ~ R2 Pins) 


“INPUT/OUTPUT”. 


© INT, INT, 

These are the input pins to interrupt MCU operation exter- 
nally. INT, can be used as an external event input pin for 
TIMER-B. INTo and INT, are also available as R32, and R33 
respectively. For details, See “INTERRUPT”. 











@ SCK,SI,SO =a 

These are Transfer clock I/O pin (SCK), serial data input pin 
(SI) and serial data output pin (SO) used for serial interface. 
SCK, SI, and SO are also available as Rao, Ra; and Rg, respec- 
tively. For details, see “SERIAL INTERFACE”. 


= ROM MEMORY MAP 

MCU includes 4096 words x 10 bits ROM. ROM memory 
map is illustrated in Fig. 1 and described in the following 
paragraph. 


@ Vector Address Area ..... $0000 to $O00F 

When MCU is reset or an interrupt is serviced, the program is 
executed from the vector address. Program the JMPL instruc- 
tions branching to the starting addresses of reset routine or 
of interrupt routines. 


eoeee 


@ Zero-Page Subroutine Area ..... $0000 to $003F 
CAL instruction allows to branch to the subroutines in 
$0000 to $003F. 


@ Pattern Area $0000 to SOF FF 
P instruction allows referring to the ROM data in $0000 to 
SOFFF as a pattern. 


@ Program Area $0000 to SOF FF 


HMCS404CL 


(o} 
oO 


JMPL Instruction 
Vector Address (Jump to RESET Routine) 


15 JMPL Instruction 
16 (Jump to TNTo Routine) 
JMPL Instruction 
(Jump to INT: Routine) 


64Words \ 
63 JMPL Instruction 
64 (Jump to TIMER-A Routine) 


Zero-Page Subroutine 


Program JMPL Instruction 
Pattern 
(4096Words) 


4095 
4096 





16383 


Fig. 1 ROM Memory Map 


= RAM MEMORY MAP and special registers are also mapped on the RAM memory 
MCU includes 256 digits x 4 bits RAM as the data area and space. RAM memory map is illustrated in Fig. 2 and described 
stack area. In addition to these areas, interrupt control bits in the following paragraph. 
0 $ 000 
RAN- d Registers oS 
- mappe 9 Interrupt Control Bits a 
32 $ 003 


Memory Registers(MR) \ 
Qe ee ae 4| Port Mode Reg. (PMR) | W {$004 
48 5] Serial Mode Reg. (SMR) | W }$ 005 
6] Serial Data Reg. Lower (SRL) ‘R/WI$ 006 
(192Digits) 7| Serial Data Reg. Upper (SRU) 'R/W]$ 007 


8} Timer Mode Reg. A (TMA) | W |$ 008 


Timer Mode Reg. B (TMB) |} W |$ 009 






223 $ ODF eae (TCBL/TLRL) !R/W|$ 00A 
224 $ OEO (TCBU/TLRU) !R/W|$ 00B 
Not Used $ 00C 

959 $ 3BF 

960 $ 3C0 
Stack $ O1F 

1023 (64Digits) cet 


* Two registers are mapped on same address. 


R= :Read Only Ti y Ti Load Reg. L 

W Write Only 1o| Tmer/Evert counter Blower, a | timer rua _1W|SO0A 
Timer/Event C B Timer Load Reg. U 

R/W: Read/Write 114 Timer: ah ete Upper | R mer“TLRU), «1 | $O0B 


Fig. 2 RAM Memory Map 
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bit 3 bit 2 




















IMO 
(IM of INTo ) 
IMTA 
(IM of TIMER-A) 


IFO 
(IF of INT) 


\FTA 
(IF of TIMER-A) 










Not Used 


3 
IF : Interrupt Request Flag 
IM _ :_ Interrupt Mask 
VE : Interrupt Enable Flag 


SP: Stack Pointer 





IMS IFS 










bit 1 bit O 
RSP YE 
(Reset SP Bit) (Interrupt Enable Flag) #000 


IM1 1F1 
(IM of INT)) (IF of INT) 
iMTB IFTB 
(IM of TIMER-B) (IF of TIMER -B) 


$001 


$002 


$003 


(Note) Each bit in Interrupt Control Bits Area is set by SEM/SEMD instruction, is reset by REM/REMD instruction and is tested by TM/TMD 
instruction. It is not affected by other instructions. Furthermore, Interrupt Request Flag is not affected by SEM/SEMD instruction. 
The content of Status becomes invarid when ‘‘Not Used’ bit is tested. 


Fig. 3 Configuration of Interrupt Control Bit Area 


@ Interrupt Control Bit Area ..... $000 to $003 


This area is used for interrupt controls, and is illustrated in 
Fig.3.It is accessable only by RAM bit manipulation instruction. 


However, the interrupt request flag cannot be set by software. 


@ Special Register Area ..... $004 to $00B 

Special Register is a mode or a data register for the external 
interrupt, the serial interface, and the timer/counter. These 
registers are classified into 3 types: Write-only, Read-only, and 
Read/Write as shown in Fig. 2. These registers cannot be 
accessed by RAM bit manipulation instruction. 


Memory Registers Stack Area 


Level 15 
Level 14 
Level 13 
Level 12 
Level 11 
Level 10 
Level 9 
Level 8 
Level 7 
Level 6 
Level 5 
Level 4 
Level 3 
Level 2 


1023] Level 1 


960 $ 3CO 





Tat 
cE 





PCi3 toPCo ; Program Counter 
ST; Status 
CA; Carry 


@ Data Area ..... $020 to $ODF 
16 digits of $020 to $02F are called memory register (MR) 
and accessable by LAMR and XMRA instructions. 


@ Stack Area .... $3CO to $3FF 

Stack Area is used for LIFO stacks with the contents of the 
program counter (PC), status (ST) and carry (CA) when process- 
ing subroutine call and interrupt. As 1 level requires 4 digits, 
this stack area is nested to 16 level-stack max. The data pushed 
in the stack and LIFO stack state are provided in Fig. 4. The 
program counter is restored by RTN and RTNI instructions. 
Status and Carry are restored only by RTNI instruction. The 
area, not used for stacking, is available as a data area. 






bit2 





bit1 


Fig. 4 Configuration of Memory Register, Stack Area and Stack Position 
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® REGISTER AND FLAG 

The MCU has nine registers and two flags for the CPU opera- 
tions. They are illustrated in Fig.5 and described in the follow- 
ing paragraphs. 


® Accumulator (A), B Register (8) 

Accumulator and B Register are 4-bit registers used to hold 
the results of Arithmetic Logic Unit (ALU), and to transfer data 
to/from memories, I/O and other registers. 


@ W Register (W), X Register (X), Y Register (Y) 

W Register is 2-bit, and X and Y Register are 4-bit registers 
used for indirect addressing of RAM. Y register is also used 
for D-port addressing, 


© SPX Register (SPX), SPY Register (SPY) 
SPX and SPY Register are 4-bit registers used to assist X and 
Y Register respectively. 


®@ Carry (CA) 

Carry (CA) stores the overflow of ALU generated by the 
arithmetic operation. It is also affected by SEC, REC, ROTL and 
ROTR instructions. 

During interrupt servicing, Carry is pushed onto the stack 
and restored back from the stack by RTNI instruction. (It’s not 
affected by RTN instruction.) 


® Status (ST) 

Status (ST) holds the ALU overflow, ALU non-zero and the 
results of bit test instruction for the arithmetic or compare in- 
struction. It is used for a branch condition of BR, BRL, CAL or 
CALL instructions. The value of the Status remains unchanged 
until the next arithmetic, compare or bit test instruction is ex- 
ecuted. Status becomes “1” after the BR, BRL, CAL or CALL 
instruction has been executed (irrespective of its execution/ 
skip). During the interrupt servicing, Status is pushed onto the 


Cd Accumulator 

tL: B Register 

[| W Register 
0 


SPX Register 
SPY Register 
oO 


Status 


Program 
“Counter 
9 5 
Stack 
Pointer 


Fig.5 Register and Flags 
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stack and restored back from the stack by RTNI instruction. 
(It’s not affected by RTN instruction.) 


@ Program Counter (PC) 
Program Counter is a 14-bit binary counter for ROM address- 
ing. 


® Stack Pointer (SP) 

Stack Pointer is used to point the address of the next stack- 
ing area up to 16 levels. 

The Stack Pointer is initialized to locate $3FF on the RAM 
address, and is decremented by 4 as data pushed into the stack, 
and incremented by 4 as data restored back from the stack. 


8 INTERRUPT 

The MCU can be interrupted by five different sources: the 
external signals (INTo, INT), timer/counter (TIMER-A, 
TIMER-B), and serial interface (SERIAL). In each sources, 
the Interrupt Request Flag, Interrupt Mask and interrupt vector 
address will be used to control and maintain the interrupt re- 
quest. The Interrupt Enable Flag is also used to control the 
total interrupt operations. 





© Interrupt Control Bit and Interrupt Service 

The interrupt control bit is mapped on $000 to $003 of the 
RAM address and accessable by RAM bit manipulation instruc- 
tion. (The Interrupt Request Flag (IF) cannot be set by soft- 
ware.) The Interrupt Enable Flag (I/E) and Interrupt Request 
Flag (IF) are set to “0”, and the Interrupt Mask (IM) is set to 
“1” at the initialization by MCU reset. 

Fig. 6 shows the interrupt block diagram. Table 1 shows the 
interrupt priority and vector addresses, and Table 2 shows the 
conditions that the interrupt service is executed by any one of 
the five interrupt sources. 

The interrupt request is generated when the Interrupt Re- 
quest Flag is set to “1‘‘ and the Interrupt Mask is ‘‘0”’. If the 
Interrupt Enable Flag is “1 “‘, then the interrupt will be activated 
and vector addresses will be generated from the priority PLA 
corresponding to the five interrupt sources. 

Fig. 7 shows the interrupt services sequence, and Fig. 8 
shows the interrupt flowchart. If the interrupt is requested, the 
instruction finishes its execution in the first cycle. The Inter- 
rupt Enable Flag is reset in the second cycle. In the second and 
third cycles, the Carry, Status and Program Counter are pushed 
onto the stack. In the third cycle, the instruction is executed 
again after jumping to the vector address. 

In each vector address, program JMPL instruction to branch 
to a starting address of the interrupt routine. The Interrupt 
Request Flag which caused the interrupt service has to be reset 
by software in the interrupt routine. 
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se Sequence Control 
ve - Push PC/CA/ST 
- Reset (/E 
+ Jump to Vector 
Address 
$ 000.2 


Priority Control vector 
Address 


a 
eS 





$003.1 oe 
Fig. 6 Interrupt Circuit Block Diagram 


Table 1. Vector Addresses and Interrupt Priority 





Reset - Interrupt | Priority Vector addresses 


























RESET $0000 
INTo $0002 
INT; $0004 
TIMER-A $0006 
TIMER-B $0008 


SERIAL $000C 


Table 2. Conditions of Interrupt Service 










Interrupt a 
source INTo INT; TIMER-A TIMER-B 





Interrupt SERIAL 


control bits 
LYE 
IFO-IMO 
IF1 + IMT 


IFTA - IMTA 
IFTB - IMTB 


IFS - IMS 






















1 1 
































* Don’t care 
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Instruction 1 2 3 
Cycles 


Instruction 
execution 


Stacking, 
Vector address 
is generated 


Interrupt 


Stacking, 


accepted Reset of I/E 
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JMPL instruction execution on the 
vector address 


Fig. 7 Interrupt Servicing Sequence 


© Interrupt Enable Fiag (I/E: $000,0) 

The Interrupt Enable Flag controls enable/disable of all inter- 
rupt requests as shown in Table 3. The Interrupt Enable Flag is 
reset by the interrupt servicing and set by RTNI instruction. 


Table 3. Interrupt Enable Flag 





Interrupt Enable/Disable 
Disable 
Enable 


Interrupt Enable Flag 













© External Interrupt (INT), INT; ) gees, — 

To use external interrupt, select R3./INTo, R33/INT; port 
for INTo, INT; mode by setting the Port Mode Register (PMR: 
$004). 

The External Interrupt Request Flags (IFO, IF1) are set at 
the falling edge of INT), INT, inputs. 

INT, input can be used as a clock signal input of TIMER-B. 
Then, TIMER-B counts up at each falling edge of input. When 
using INT, as TIMER-B external event, an External Interrupt 
Mask (IM1) has to be set so that the interrupt request by INT: 
will not be accepted. 




















© External interrupt Request Flag (1FO: $000,2, 1F1: $001,0) 
The External Interrupt Request Flags (IFO, IF1) are set at 
the falling edges of INTo, INT, inputs respectively. 





@ External Interrupt Mask (IMO: $000,3, IM1: $001,1) 
The External Interrupt Mask is used to mask the external 
interrupt requests. 


Table 4. External Interrupt Request Flag 


Interrupt Requests 


External Interrupt Request Flags 








Instruction 
Execution at 


starting address 
of the interrupt 
routine 





Table 5. External Interrupt Mask 


External Interrupt Masks Interrupt Requests 





Disable (masks) 


@ Port Mode Register (PMR: $004) 

The Port Mode Register is a 4-bit write-only register which 
controls the R32/INTo pin, R33/INT, pin, Ra,/SI pin and 
R42/SO pin as shown in Table 6. The Port Mode Register will 
be initialized to $0 by MCU reset, so that all these pins are set 
to a port mode. 





Table 6. Port Mode Register 





R33 /INT, pin 









Used as R33 port input/output pin 
Used as INT, input pin 













R32 /INTo pin 





Used as R32 port input/output pin 





Used as INT, input pin 






R4,/SI| pin 









Used as Ra, port input/output pin 
Used as SI input pin 






Ra2/SO pin 









Used as Ra, port input/output pin 
Used as SO output pin 
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Execute 
Instruction 







/E~"0" 


Stack—(PC) 
Stack<(CA) 
Stack—(ST) 






PC—(PC)+1 








PC~—$ 0002 


PC-—$ 0004 






PC--$ 0006 


PC--$ 0008 
PC~$ OOOC 


Fig. 8 Interrupt Servicing Flowchart 





2 







TIMER-B 
Interrupt 






(SERIAL Interrupt) 
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= SERIAL INTERFACE 

The serial interface is used to transmit/receive 8-bit data 
serially. This consists of the Serial Data Register, the Serial 
Mode Register, the Octal Counter and the multiplexer, as illus- 
trated in Fig. 9. Pin R4o/SCK and the transfer clock signal are 
controlled by the Serial Mode Register. Contents of the Serial 
Data Register can be written into or read out by the software. 
The data in the Serial Data Register can be shifted synchronous- 


SYSTEM 

CLOCK PRESCALER(1 1bit) 
Eee : 

BEEEE 
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ly with the transfer clock signal. 

The serial interface operation is initiated with STS instruc- 
tion. The Octal Counter is reset to $0 by STS instruction. It 
starts to count at the falling edge of the transfer clock (SCK) 
signal and increments by one at the rising edge of the SCK. 
When the Octal Counter is reset to $0 after eight transfer clock 
signals, or discontinued transmit/receive operation by resetting 
the Octal Counter, the SERIAL Interrupt Request Flag will be 


set. 
OC(3bit) 
OCTAL 
COUNTER 


INTERNAL BUS LINE 





INTERRUPT 
REQUEST FLAG 
of SERIAL INTER- 
FACE 
($1) 
















Fig.9 Serial Interface Block Diagram 


© Serial Mode Register (SMR: $005) 

The Serial Mode Register is a 4-bit write-only register. This 
register controls the R4o/SCK and the prescaler divide ratio as 
the transfer clock source as shown in Table 7. 

The Write Signal to the Serial Mode Register controls the 
operating state of serial interface. 

The Write Signal to the Serial Mode Register stops the 
transfer clock applied to the Serial Data Register and the Octal 
Counter. And it also reset the Octal Counter to $0 simul- 
taneously, 

When the Serial Interface is in the “Transfer State”, the Write 
Signal to the Serial Mode Register causes to quit the data 
transfer and to set the SERIAL Interrupt Request Flag. 

Contents of the Serial Mode Register will be changed on the 
second instruction cycle after writing into the Serial Mode 
Register. Therefore, it will be necessary to execute the STS 
instruction after the data in the Serial Mode Register has been 
changed completely. The Serial Mode Register will be reset to 
$0 by MCU reset. 


351 


© Serial Data Register (SRL: $006, SRU: $007) 

The Serial Data Register is an 8-bit read/write register. It 
consists of a low-order digit (SRL:$006) and a high-order digit 
(SRU: $007). 

The data in the Serial Data Register will be output from the 
LSB side at SO pin synchronously with the falling edge of the 
transfer clock signal. At the same time, external data will be 
input from the LSB side at SI pin to the Serial Data Register 
synchronously with the rising edge of the transfer clock. Fig. 
10. shows the I/O timing chart for the transfer clock signal and 
the data. 

The writing into/reading from the Serial Data Register during 
its shifting causes the validity of the data. 

Therefore complete data transmit/receive before writing 
into/reading from the serial data register. 
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Table 7. Serial Mode Register 

















Used as Rao port input/output pin 
Used as SCK input/output pin 


R4o/SCK 



























SMR Transfer Clock 
Prescaler System Clock 
Bit 2 Bit 1 Bit O Rao/SCK Port Clock Source Divide Divide 
Ratio Ratio 
0 0 SCK Prescaler + 2048 + 4096 
Output ‘ 
SCK a x 
SCK a i 
SCK <2 < 
SCK - a 
1 0 Output Prescaler ; 8 ~ 16 
SCK as S 
i 1 Output Prescaler : 2 : 4 
1 SCK System _ s 4 
Output Clock 
1 SCK External _ = 
Input Clock 





Transfer Clock ee eects 


Serial Output Data 


@ SERIAL Interrupt Request Flag (IFS: $003, 0) 

The SERIAL Interrupt Request Flag will be set after the 
eight transfer clock signals or transmit/receive discontinued 
operation by resetting the Octal Counter. 


@ SERIAL Interrupt Mask (IMS: $003, 1) 
The SERIAL Interrupt Mask masks the interrupt request. 


Table 8. SERIAL Interrupt Request Fiag 


SERIAL Interrupt Request Flag 


Interrupt Request 





1 2 3 4 5 6 7 
i] i] i] ! ! | i] y 
of} EL LT 
i i | 1 1 i i 
Seriat Input Data 

Latch Timing | | | | | | | ; | 


Fig. 10 Serial Interface I/O Timing Chart 
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Table 9. SERIAL Interrupt Mask 


SERIAL Interrupt Mask 


Interrupt Request 
Enable 
Disable (mask) 





® Selection of the Operation Mode 

Table 10 shows the operation mode of the serial interface. 
Select a combination of the value in the Port Mode Register and 
the Serial Mode Register according to Table 10. 

Initialize the serial interface by the Write Signal to the 
Serial Mode Register, when the Operation Mode is changed. 
© Operating State of Serial interface 

The serial interface has 3 operating states as shown in Fig. 11. 

The serial interface gets into “STS waiting state” by 2 ways: 
one way is to change the operation mode by changing the data 


in the Port Mode Register, the other is to write data into the 
Serial Mode Register. In this state, the serial interface does not 
operate although the transfer clock is applied. If STS instruc- 
tion is executed, the serial interface changes its state to “SCK 
waiting state”, 

In the “‘SCK waiting state”, the falling edge of first transfer 
clock affects the serial interface to get into “transfer state”, 
while the Octal Counter counts-up and the Serial Data Register 
shifts simultaneously. As an exception, if the clock continuous 
output mode is selected, the serial interface stays in “SCK wait- 
ing state” while the transfer clock outputs continuously. 

The Octal Counter becomes “000” again by 8 transfer 
clocks or execution of STS instruction, so that the serial inter- 
face gets back into the “SCK waiting state”, and SERIAL 
Interrupt Request Flag is set simultaneously. 

When the internal transfer clock is selected, the transfer 
clock output are triggered by the execution of STS instruction, 
and it stops after 8 clocks. 


@ Example of Transfer Clock Error Detection 
The serial interface functions abnormally when the transfer 
clock was disturbed by external noises. In this case, the transfer 












* "Change PMR” means the change of 
operation mode as below: 













* Transmit Mode 
* Receive Mode 
* Transmit/Receive 







Clock Continuous 
Output Mode 










SCK Waiting State 
(Octal Counter = ‘000’’) 


Transmit/Receive 
(IFS<'1"') 


Interrupt 
Disable 


IFS < "0" 


Write to 
SMR 







Transfer Clock 
Error Processing 


Fig. 12 Example of Transfer Clock Error Detection 


STS Waiting State 


Octal Counter = ‘’000”’ 
Transfer Clock Disable 


Transfer Clock 


8 Transfer Clocks, 
STS Instruction 


(FS <1") 
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clock error can be detected in the procedure shown in Fig. 12. 

If more than 9 transfer clocks are applied by the external 
noises in the “SCK waiting state”, the state of the serial inter- 
face shifts as the following sequence: first “‘transfer state” 
(while 1 to 7 transfer clocks), second ‘““SCK waiting state” (at 
8th transfer clock) and third ‘‘transfer state” again. Then reset 
the SERIAL Interrupt Request Flag, and make “STS waiting 
state” by writing to the Serial Mode Register. SERIAL Inter- 
rupt Request Flag is set again in this procedure, and it shows 
that the transfer clock was invalid and that the transmit/receive 
data were also invalid. 


Table 10. Serial Interface Operation Mode 


> SO 
SMR PMR : 
: | Serial Interface Operating Mode 










Clock Continuous Output Mode 
1 Transmit Mode 

0 ~ | Receive Mode 

| Transmit/Receive Mode 

















Change PMR* 


Transfer State 
(Octal Counter # 000") 





Fig. 11 Serial Interface Operation State 


= TIMER 

The MCU contains a prescaler and two timer/counters 
(TIMER-A, TIMER-B), Fig. 13 shows the block diagram. The 
prescaler is an 11-bit binary counter. TIMER-A is an 8-bit 
free-running timer. TIMER-B is an 8-bit auto-reload timer/ 
event counter. 


@ Prescaler 

The input to the prescaler is a system clock signal. The 
prescaler is initialized to $000 by MCU reset, and the prescaler 
starts to count up the system clock signal as soon as RESET 
input goes to logic “0”. The prescaler keeps counting up except 
MCU reset and stop mode. The prescaler provides clock signals 
to TIMER-A, TIMER-B and serial interface. The prescaler de- 
vide ratio of the clock signals are selected according to the 
content of the mode registers such as — Timer Mode Register A 
(TMA), Timer Mode Register B (TMB), Serial Mode Register 
(SMR). 
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TIMER MODE REGISTER B 


TMB(4bit) 


TIMER-B MPX 


nN 
ise) 
“le 


+128 
+2048 


PRESCALER(1 1bit) 


+128 

+512 
+1024 
+2048 


+2 
8a | 


CPTA 


TIMER-A MPX 


i 


TMA(3bit) 


TIMER MODE REGISTER A 


INTERNAL BUS LINE ($1) 


TL(4bit) 
TIMER LATCH 


REG. 
TCB(8bit) 
TIMER/EVENT COUNTER B 


TBOF 1 IFTB 


BRZEZERE INTERRUPT 
TLR(8bit) ee 


TIMER LOAD REGISTER 


| 


INTERNAL BUS LINE (S2) 


TCA(8bit) TAOF IETA 
TIMER COUNTER A 


INTERRUPT 
REQUEST FLAG 
OF TIMER-A 


Fig. 13 Timer/Counter Block Diagram 


@ TIMER-A Operation 

After TIMER-A is initialized to $00 by MCU reset, it counts 
up at every clock input signal. When the next clock signal is 
applied after TIMER-A is counted up to $FF, TIMER-A is set 
to $00 again, and generating overflow output. This leads to 
setting TIMER-A Interrupt Request Flag (IFTA: $001, 2) to 
“1. Therefore, this timer can function as an interval timer 
periodically generating overflow output at every 256th clock 
signal input. 

The clock input signals to TIMER-A are selected by the 
Timer Mode Register A (TMA: $008). 


@ TIMER-B Operation 

Timer Mode Register B (TMB: $009) is used to select the 
auto-reload function and the prescaler divide ratio of TIMER-B 
as the input clock source. When the external event input is 
used as an input clock signal to TIMER-B, select the R33/INT; 
as INT, and set the External Interrupt Mask (IM1) to “1” to 
prevent the external interrupt request from occurring. 

TIMER‘B is initialized according to the value written into the 
Timer Load Register by software. TIMER-B counts up at every 
clock input signal. When the next clock signal is applied to 
TIMER-B after TIMER-B is set to $FF, TIMER-B will be initi- 
alized again and generate overflow output. In this case if the 
auto-reload function is selected. TIMER-B is initialized accord- 
ing to the value of the Timer Load Register. Else if the auto- 
reload function is not selected, TIMER-B goes to $00. TIMER- 
B Interrupt Request Flag (IFTB: $002,0) will be set at this 
overflow output. 
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@ Timer Mode Register A (TMA: $008) 

The Timer Mode Register A is a 3-bit write-only register. 
The TMA controls the prescaler divide ratio of TIMER-A clock 
input, as shown in Table 11. 

The Timer Mode Register A is initialized to $0 by MCU reset. 


@ Timer Mode Register B (TMB: $009) 

The Timer Mode Register B is a 4-bit write-only register. The 
Timer Mode Register B controls the selection for the auto- 
reload function of TIMER-B and the prescaler divide ratio, 
and the source of the clock input signal, as shown in Table 12. 

The Timer Mode Register B is initialized to $0 by MCU reset. 

The operation mode of TIMER-B is changed at the second 
instruction cycle after writing into the Timer Mode Register B. 

Therefore, it is necessary to program the write instruction 
to TLRU after the content of TMB is changed. 


Table 11. Timer Mode Register A 
TMA 


Bit 2 pitt | Bito | Prescaler Divide Ratio 


0 [o | o | 72008 
o [| o | 1 | #1024 
0 b> db oS ee I + 512 
es 
a OO 
7 a a Uae 
fete Sede 0 ae 
ee eS a Ei 





Table 12. Timer Mode Register B 


Auto-reload Function 


Prescaler Divide Ratio, 
Clock Input Source 

















al 
th 
T > 
ie $ 
—— 


INT, (External Event Input) 








© TIMER-B Cees $00A, Lieaaaenes 
TLRL: $00A, TLRU: $00B. 

TIMER-B consists of an 8-bit write-only Timer Load Regis- 
cer, and an 8-bit read-only Timer/Event Counter. Each of them 
has a low-order digit (TCBL: $00A, TLRL: $00A) and a high- 
order digit (TCBU: $00B, TLRU: $00B). 

The Timer/Event Counter can be initialized by writing data 
into the Timer Load Register. In this case, write the low-order 
digit first, and then the high-order digit. The Timer/Event 
Counter is initialized at the time when the high-order digit is 
written. The Timer Load Register will be initialized to $00 by 
the MCU reset. 

The counter value of TIMER-B can be obtained by reading 


PMR:$ 004 









TMA:$ 008 
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the Timer/Event Counter. In this case, read the high-order digit 
first, and then the low-order digit. The count value of low-order 
digit is latched at the time when the high-order digit is read. 


@ TIMER-A Interrupt Request Flag (1F TA: $001, 2) 
The TIMER-A Interrupt Request Flag is set by the overflow 
output of TIMER-A. 


@ TIMER-A Interrupt Mask (IMTA: $001, 3) 
TIMER-A Interrupt Mask prevents an interrupt request 
generated by TIMER-A Interrupt Request Flag. 


Table 13. TIMER-A Interrupt Request Flag 









TIMER-A Interrupt 


Request Flag Interrupt Request 









TIMER-A Interrupt 
Mask 






Interrupt Request 


Enable 
Disable (Mask) 





@ TIMER-B Interrupt Request Flag (IFTB: $002, 0) 
The TIMER-B Interrupt Request Flag is set by the overflow 
output of TIMER-B. 


@ TIMER-B Interrupt Mask (IMTB: $002, 1) 


TIMER-B Interrupt Mask prevents an interrupt request 
generated by TIMER-B Interrupt Request Flag. 


SMR:$ 005 


Ye 


— Transfer clock selection 


Rao/SCK pin mode selection 


R,2/SO pin mode selection 
Ra, /S! pin mode selection 
R3./INTo pin mode selection 


R33/tNT, pin mode selection 


TMB:$ 009 


>< fragman TMB3|TMB21TMB1|TMBO 
Fee XX , 


tS TIMER-B input clock selection 
Auto-reload function selection 


TIMER-A input clock selection 


Fig. 14 Mode Register Configuration and Function 
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Table 15. TIMER-B Interrupt Request Flag 








TIMER-B Interrupt 


Request Flag Interrupt Request 





TIMER-B Interrupt 


Mask Interrupt Request 









Enable 
Disable (Mask) 





= INPUT/OUTPUT 

The MCU provides 58 Input/Output pins, and they are con- 
sist of 32 standard pins and 26 high voltage pins. Each standard 
pin may have one of three mask options: (A) “Without pull- 
up MOS (NMOS open drain)”, (B) “With pull-up MOS”, or 
(C) “CMOS”. And also each high voltage pin may have one 
of two mask options: (D) “Without pull-down MOS (PMOS 





Pull up MOS (C) 
approximately 40kQ to 160kQ 
(Vcc = 5V) 

approximately 75kQ to 1IMQ 
(Vec = 3V) 


NMOS(A) 





approximately 5kQ 


approximately 1kQ 





open drain)”, or (E) “With pull-down MOS”. As pull-down 
MOS is connected to internal Vqis, line, select Rai /Vaisp pin 
as Vaisp with mask option when at least one high voltage pin is 
selected as “With pull-down MOS” option. 

When any Input/Output common pin is used as input pin, it 
is necessary to select the mask option and output data as shown 
in Table 18. 


© Output Circuit Operation of Standard Pins with “With pull- 
-up MOS” Option 

Fig. 15 shows the circuit used in the standard pins with 
“with pull-up MOS” option. 

By execution of the output instruction, the write pulse will 
be generated, and be applied to the addressed port. This pulse 
will turn “ON” the PMOS (B) to make the transient time 
shorten to obtain ‘High level’, if the output data is changed 
from “0” to “1”. In this case, the “write pulse” allows the 
PMOS (B) to turn “ON” as long as 1/8 instruction cycle. While 
“write pulse” is “0”, pull-up MOS (C) may retain the output 
in high level. 

The HLT signal becomes “0” in stop mode, so that MOS (A) 
(B) (C) turn “OFF”. 


Write pulse 
(Output 
instruction) 


es ae 











HL 











Data 


1 Instruction cycle 


ren LA ON au ee ao 


Output instruction execution 
Write pulse ee a ee 


Fig. 15 Output Circuit Operation of Standard Pins with ‘with Pull-up MOS” Option 
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Table 17 1/0 Pin Circuit Type 


ithout pull-up MOS : 
(NMOS open drain With ed MOS CMOS (C) 






High vo!tage pins 









1/0 
common 
pins 







HLT 
output 


data 





output 
data 





output 


data 


(Note) In the stop mode, HLT signal is 0’ and 1/O pins are in high impedance state. 
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output 


data 





1/0 Do ~D3, 

common R30 ~R33, 

pins HLT Rao ~Ra3, 
Rso ~Rs3 























w” 

is . 

& write 

a. ~ 

> | Output pulse Reo~ Res, 
© i HUT HLT Rr0~R73 
& | pins HUT Por ae 
=z HLT Rgo~Ra3 
Co 

a7 output output 

. data data pigs 


Applied pins 






Roo~Ros3 





(to be continued) 
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Applied pins 


Without pull-up MOS (NMOS open drain) 2 : 
or CMOS (A or C) With pull-up MOS (B) 


SCK 











HLT 





HLT 
HLT+mode select 












1/0 
common 
pins 


HLT+mode select 






internal S 


internal SCK 






Standard pins 





(Note) In the stop mode, HLT signal is ‘0'', HLT signal is 1" and 1/O pins are in high impedance state. 


Table 18 Data Input from Input/Output Common Pins 


Possibility 
of Input 
CMOS phe 


Without pull-up 
S 













Available pin condition 


1/0 pin circuit type for input 






Standard 
pins 
(NMOS open drain) 


es 

With pull-up MOS 
es 
es 


Y 

Y 
Without pull-down 

Y 





MOS 
(PMOS open drain) 


With pull-down 
MOS 


High 
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@ D-port 

D-port is 1-bit I/O port, and it has 16 Input/Output common 
pins. It can be set/reset by the SED/RED and SEDD/REDD 
instructions, and can be tested by the TD and TDD instructions. 
Table 17 shows the classification of standard pins, high voltage 
pins and the Input/Output pins circuit types. 


@ R-port 

R-port is 4-bit I/O port. It provides 20 input/output com- 
mon pins, 16 output-only pins, and 6 input-only pins. Data 
input is processed using the LAR and LBR instructions and data 
output is processed using the LRA and LRB instructions. The 
MCU will not be affected by writing into the input-only and/or 
non-existing ports, invalid data will be read by reading from the 


Output-only and/or non-existing ports. 

The Raz, Ras, Rao, Rai and Raz pins are also used as the INTo, 
INT:, SCK, SI and SO pins respectively. Table 17 shows the 
classification of standard pins, high voltage pins and Input/ 
Output pins circuit types. 


= RESET 

The MCU is reset by setting RESET pin to “1”. At power 
ON or recovering from stop mode, apply RESET input more 
than trc to obtain the necessary time for oscillator stabiliza- 
tion. In other cases, the MCU reset requires at least two instruc- 
tions cycle time of RESET input. 

Table 19 shows initialized items by MCU reset and each 
status after reset. 


Table 19 Initial Value by MCU Reset 


Items 


Program counter (PC) 


Stack pointer (SP) 


(A) Without pull- 
up MOS 
Standard pin] (B) With pull-up 
MOS 


High voltage down MOS 
a 
down MOS 


Interrupt Request Flag (IF) 
Interrupt Mask (IM) 


Port Mode Register (PMR) 
Serial Mode Register (SMR) 


Timer Mode Register A (TMA) 
Timer Mode Register B (TMB) 


1/0 pin 
output register 





Interrupt flag 


Mode register 


Initial value by 
MCU reset 


$0000 
Status (ST) WAS 
$3FF 


“0000" 
“0000” 


“0000"’ 


Contents 


Execute program from the top of ROM address. 
Enable to branch with conditional branch instructions. 
Stack level is 0. 


Enable to input. 


Enabie to input 


Enable to input. 


Enable to input. 


Inhibit all interrupts. 

No interrupt request. 

Mask interrupt request. 

See Item ‘’Port Mode Register’’. 
See Item ‘’Serial Mode Register”. 
See Item ‘Timer Mode Register A’. 
See Item ‘Timer Mode Register B’’. 


$000 
$00 
$00 
$00 


(Note) MCU reset affects to the rest of registers as follows: 


After recovering from STOP mode 
by MCU reset 


The contents of the items before 
MCU reset are not retained. 

It is necessary to intialize them 
by software again. 


Timer/Counter, 
Serial interface 






After MCU reset except for 
the left condition 













Accumulator 
B Register 
W Register (W) 
X/SPX Registers (X/SPX) 
Y/SPY Registers 
Serial Data Register (SR) 









The contents of the items before 
MCU reset are not retained. 

It is necessary to initialize them 
by software again. 
























Same as above 






Same as above 


The contents of RAM before MCU 
reset (just before STOP instruction) 
are retained. 















RAM Same as above 
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® INTERNAL OSCILLATOR CIRCUIT can be selected from a crystal oscillator or a ceramic filter 
Fig. 16 gives internal oscillator circuit. The oscillator type oscillator. In any cases, external clock operation is available. 


Divider Timing 


System 


circuit generator clock 


1/8 circuit 





Fig. 16 Internal Oscillator Circuit 
@ Oscillator Circuit 


Table 20 Examples of Oscillator Circuit 


Circuit configuration Remarks 


Oscillator 


External clock 
operation 


Ceramic filter CSA2.000MK (Murata) 

Rf : 1MQ +2% 

Ci : 30pF +20% 

C2 : 30pF +20% 

© Wiring between these pins and elements should be as short as possible, 
and never cross the other wirings. (Refer to Fig. 17) 


Ceramic filter 
oscillator 





Rf : 2M2Q+t2% 
C1 :10~22pF+20% 
C2 :10~22pF+t20% 


Crystal: GT cut parallel! resonance crystal 
Co : 7pF max. 

Rg : 1002 max. 

f :2.0~ 2.25MHz 


GT cut parallel resonance crystal @ Wiring between these pins should be as short as possible, and 
never cross the other wirings. (Refer to Fig. 17) 


Crystal 
oscillator 





Note) Please consult with the engineers of crystal or ceramic filter maker to determine the value of R¢, C, and C2. 
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= LOW POWER DISSIPATION MODE 


SSG The MCU provides two low power dissipation modes, that is, 
yy Standb de and a St de. Table 21 shows the function 
\ a Standby mode and a Stop mode. Ta s 


: of the low power dissipation mode, and Fig. 18 shows the 


dooce diagram of the mode transition 
SWS 





Fig. 17 Recommendable Layout of Crystal and Ceramic Filter 


Table 21 Low Power Dissipation Mode Function 













































Condition 
: Low Power Input/ imer Recovering 
Dissipation Mode Oscillator | Instruction Register, Interrupt RAM Out ut Counter, method 
circuit execution Flag function a Serial 
Pp interface 









RESET Input, 


Standby mode Interrupt request 


SBY Stop Retained Active Retained Retained 
instruction 
STOP =) ; High?) 


*1) As the MCU recovers from STOP mode by RESET input, the contents of the flags and registers are initialized according to Table 19. 

*2) A high voltage pin with a pull-down MOS option is pulled down to the Vdisp power supply by the pull-down MOS. As the MOS is ON, a pull- 
down MOS current flows when a voltage difference between the pin and the Vqigp voltage exists. This is the additional current to the current dis- 
sipation in Stop Mode (Igtop). 

*3) Asa 1/O circuit is active, a 1/O current possibly flows according the state of I/O pin. This is the additiona! current to the current dissipation in 
Standby Mode (Ispyi, IspyY2). 


Active 
mode 
a ry 


C Q* 


Stop mode RESET Input 








counter and serial interface continue working. On the other 
hand, the CPU stops since the clock related to the instruction 
execution stops. Registers, RAM and Input/Output pins retain 
the state they had just before going into the Standby mode. 

The Standby mode is canceled by the MCU reset or interrupt 
request. When canceled by the interrupt request, the MCU 
becomes an active mode and executes the instruction next to 
the SBY instruction. At this time, if the Interrupt Enable Flag 
is “1”, the interrupt is executed. If the Interrupt Enable Flag 
is ‘“O”, the interrupt request is held on and the normal instruc- 
tion execution continues. 

Fig. 19 shows the flowchart of the Standby Mode. 






@ Stop Mode 

The STOP instruction brings the MCU into the Stop mode. 
In this mode the oscillator circuit and every function of the 
MCU stop. 
Fig. 18 MCU Operation Mode Transition The Stop mode is canceled by the MCU reset. At this time, 
as shown in Fig. 20, apply the RESET input for more than trc 
to get enough oscillator stabilization time. (Refer to the “AC 


@ Standby Mode CHARACTERISTICS”.) After the Stop mode is canceled, 
The SBY instruction puts the MCU into the Standby mode. RAM retains the state it had just before going into the Stop 
In the Standby mode, the oscillator circuit is active and timer/ mode, The other hand, Accumulator, B Register, W Register, 


X/SPX Registers, Y/SPY Registers, Carry and Serial Data 
Register don’t retain the contents. 
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SBY 


Oscillator Active 
Peripheral Clocks 
Active 

All Other Clocks 
Stop 










S. 


| Ss 
& 
F : 


Restart Restart 
Processor Clocks Processor Clocks 
mee» 
Yes (C) 


(A) (B) 
Reset MCU Execute Interrupt 
Instruction Accept 


Fig. 19 MCU Operating Flowchart 


Stop mode | 
Internal clock Ae 


RESET 
| tres | 


STOP instruction execution (more than stabilization time: tac) 


cc 







Fig. 20 Timing Chart of Recovering from Stop Mode 
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# RAM ADDRESSING MODE 

As shown in Fig. 21, the MCU provides three RAM address- 
ing modes; Register Indirect Addressing, Direct Addressing and 
Memory Register Addressing. 


@ Register Indirect Addressing 


The combined 10-bit contents of W Register, X Register and 
Y Register is used as the RAM address in this mode. 


RAM Address 
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@ Direct Addressing 

The direct addressing instruction consists of two words and 
the second word (10 bits) following Op-code (the first word) is 
used as the RAM address. 


@ Memory Register Addressing 

The Memory Register Addressing can access 16 digits 
(Memory Register: MR) from $020 to $02F by using the LAMR 
and XMRA instruction. 


W-Register X-Register Y -Register 


| a nae, | ™ 
ane 


(a) Register Indirect Addressing 


Instruction 1st Word 


RAM Address 


Instruction 2nd Word 








(b) Direct Addressing 


RAM Address 


Instruction 











(c) Memory Register Addressing 


Fig. 21 RAM Addressing Mode 
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= ROM ADDRESSING MODE AND P INSTRUCTION 
The MCU has four kinds of ROM addressing modes as shown 
in Fig. 22. 


@ Direct Addressing Mode 

The program can branch to any addresses in the ROM 
memory space by using JMPL, BRL or CALL instruction. 
These instruction replace 14-bit program counter (PC,3 to 
PCy) with 14-bit immediate data. 


® Current Page Addressing Mode 

ROM memory space is divided into 256 words in each page 
starting from $0000. The program branches to the address in 
the same page using BR instruction. This instruction replace 
the low-order eight bits of program counter (PC7 to PCo) 
with 8-bit immediate data. The branch destination by BR 


Instruction ist Word 


(JMPL) 
(BRL) 
(CALL) 


Program Counter }PCis PCiz PCi; PCio PCy PCy PC, PCy PCs; PCa PC; PC, PC, PCo 





instruction on the boundary between pages is in the next page. 
Refer to Fig. 24. 


© Zero Page Addressing Mode 

The program branches to the zero page subroutine area, 
which is located on the address from $0000 to $003F, using 
CAL instruction. When CAL instruction is executed, 6-bit 
immediate data is placed in low-order six bits of program 
counter (PCs to PCy) and “‘0’s” are placed in high-order eight 
bits (PC 43 to PC, ). 


@ Table Data Addressing 

The program branches to the address determined by the 
contents of the 4-bit immediate data, accumulator and B regis- 
ter, using TBR instruction. 


Instruction 2nd Word 








(a) Direct Addressing 


Program Counter |PC;. PCi2 PCi: PCio PCy PCs PC, PCe PCs PCy PCs PC, PC; PCy 


Instruction 


OP Code by De bs ba bs; ba b, bo 










(BR) 


(b) Current Page Addressing 


Program Counter 


PCi3 PCi2 PCr PC t0 PCy PCs PC, PC. PCs PC, PC; PC, PCi PCo 


Instruction 








(c) Zero Page Addressing 


Instruction 


(TBR) 


Program Counter [PC13 PCi2 PC11 PC 10 PCy PCs PC, PC. PCs PC, PC, PC2 PCi PCo 





(d) Table Data Addressing 


Fig. 22 ROM Addressing Mode 


364 


HMCS404CL 


Instruction 








Accumulator 


Ao 


Referred ROM Address RAsRAi: RAWRAiy. RA, RAs RA, RAs RAs RAs RA; RA, RA: RA 


(a) Address Designation 





ROM DatalRO, RO, RO; RO, ROs RO4 RO3-ROz RO: RO, 


(b) Pattern Output 


Fig. 23. P Instruction 


@ P instruction ROM data are written into the accumulator and B Register. 

The P instruction refers ROM data addressed by Table Data When bit 9 is “1”, 8 bits of referred ROM data are written into 
Addressing. ROM data addressed also determine its destination. the Rl and R2 port output register. When both bit 8 and 9 are 
When bit 8 in referred ROM data is “1”, 8 bits of referred “1”, ROM data are written into the accumulator and B Register 


and also to the R1 and R2 port output register at a same time. 
The P instruction has no effect on the program counter. 


= INSTRUCTION SET 
The HMCS400 series provide 99 instructions. These instruc- 

be ea ane tions are classified into 10 groups as follows; 
256n (1) Immediate Instruction 

(2) Register-to-Register Instruction 

(3) RAM Address Instruction 

(4) RAM Register Instruction 

(5) Arithmetic Instruction 

(6) Compare Instruction 

(7) RAM Bit Manipulation Instruction 

(8) ROM Address Instruction 
ee (9) Input/Output Instruction 


256n +255 (10) Control Instruction 








Fig. 24 The Branch Destination by BR Instruction on 
the Boundary between Pages 
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Table 22. Immediate Instruction 


MNEMONIC | OPERATION CODE | FUNCTION | STATUS 
i QO O O 13 12 44 4 i 
[MiIYi [101001 isizis io | >MY+1—>¥| NZ] 1 


Table 23. Register-to-Register Instruction 













OPERATION 






Load A from Immediate 





Load B from Immediate 





Load Memory from immediate 







Load Memory from Immediate, Increment Y 


OPERATION MNEMONIC OPERATION CODE FUNCTION | STATUS ee 
Load A from B LAB 0001001000 B-A 1/1 
Load B from A LBA 0011001000 A-B 1/1 
Load A from Y LAY 00103101141 ~21 YA 1/1 
Load A from SPX LASPX 0001101000 SPX—A 171 
Load A from SPY LASPY 0001011000 SPY-A 1/71 
Load A from MR LAMR m 100 1 1 1 msamamimo| MRim)+A 171 
Exchange MR and A XMRA m 101 1 1 1 mamemimo| MR(m)-A 1/71 














Table 24. RAM Address Instruction 

















oraaron [non] erin coe | rncren [era] 
Load W from Immediate LWI i 00111100i,i, i—+W V1 
Load X from Immediate LX! i | 100010 isizis io ix TI 
Load Y from Immediate LY! i 100001 is iz is io i—~+Y 1 
Load X from A LXA 0011101000 A——X 141 
Load Y from A LYA 0011011000 A—~Y 1/1 
Increment Y lY 0001011100 Y+1-Y NZ 171 
Decrement Y DY 00110111141 Y-1-Y NB V1 
Add Ato Y AYY 0001010100 Y+A—-Y OVF V1 
Subtract A from Y SYY 0011010100 Y~A-Y NB 11 
Exchange Y and SPY XSPY 0000000010 1/1 
Exchange X and SPX,Y and SPY XSPXY 0000000011 | X+SPX,Y-+SPY 1/1 


Table 25. RAM Register Instruction 


eH 


OPERATION MNEMONIC |} OPERATION CODE FUNCTION 






WORD 


CYCLE 
Load A from Memory LAM(XY) |00100100yx MA, (X7°SE%) 1/1 


Load A from Memory LAMD d Oa ae eae MA 2/2 
Load B from Memory LBM(xY) |00010000yx M-B, (¥778p%) 1 


Load Memory from A LMA(XY) |00100101yx | AM, (X:S8X) 1/1 
Load Memory from A LMAD d [0110010100 A=M 2/2 


dg de d7 de ds da ds d2 di do 


Load Memory from A, Increment Y LMAIY(X) 000101000x |A>M.Y + 13Y(x--SPx) NZ V1 














Load Memory from A, Decrement Y | LMADY(X) |001101000x |A>M.Y-1>Y(x--SPx) | NB | V1 

Exchange Memory and A XMA(XY) 100100000 yx M-A, (788%) lit 4 V1 
OTTOOO00000 MoA 

Exchange Memory:and A MMAD" c-cd ca di ch dy ich rea eed 

Exchange Memory and B XMB(XY) |00110000yx MB, (7<8py) ae V1 
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Note) (XY) and (x) have the meaning as follows: 


(1) 


MNEMONIC 


(2) 





FUNCTION 





X «SPX, Y @SPY 


FUNCTION 





Table 26. Arithmetic Instruction 





The instructions with (XY) have 4 mnemonics and 4 object codes for each. (example of LAM (XY) is given below.) 


The instructions with (x) have 2 mnemonics and 2 object codes for each. (example of LMAIY (X) is given below.) 




















































































































































































ya lis T T “JWORDY 
OPERATION MNEMONIC | OPERATION CODE | FUNCTION | STATUS 

| | CYCLE 
Add Immediate to A i Al i 10100 0is iz it io A+i--A OVE | 1/1 
Increment B 1B ibe aol tga B+1—B [ NZ 1/1 
Decrement B Be 0011001111 B-1—B NB 1/1 
Decimal Adjust for Addition DAA 0010100110 7 Fa | 1/1 
Decimal Adjust for Subtraction a DAS 0010101010 1/1 
Negate A NEGA 0001100000! A+1=-A | 1 
Complement B COMB 0101000000| BB | ia 
Rotate Right A with Carry ROTR 0010100000 V1 

+ + — 
Rotate Left A with Carry == ROTL 0010100001 1/1 
Set Carry _| sec 0011101111| 1I-ca | | 4/1 
Reset Carry | _REC 0011101100! O-CA | aoa 
Test Carry Tc ooorvotiss | CA 11/1 
Add A to Memory | AM 0000001 000] M+A—>A OVF 1/1 
Add A to Memory a AMD 4 | GidedrQedsdudstrdia | M+A-A | OVF | 272 
Add A to Memory with Carry | AMC 0000011000 |M+A+CA>A} OVF | 1//1 
; 0OT1 \e7 

Add A to Memory with Carry | AMCD d /[9 1} Gk tedad @ dee, [M+A+CA~A | OVF | 2/2 
Subtract A from Memory with Carry | SMC 0010011000 |M—-A-CA-A NB 1/1 
Subtract A from Memory with Carry | SMCD d [9149911999 | m—a- CA-A| NB | 2/2 
OR A and B TOR 0101000100] AUB=A || 1/1 
AND Memory with A | ANM 0010011100} ANM-A | Nz V1 

ae 011001 - I 

AND Memory with A ANMD d | 9 hdd or oo | AQM—A | NZ | 2/2 
OR Memory with A sete 23 AUM—A NZ 1 

te 

OR Memory with A te Ge AUM—>A NZ 2/72 

EOR Memory with A | EoRM = [000 i : s : d A@M-—A 
: O O 
EOR Memory with A EORMD d do de dr de ds 4. hth dete A®M-A 2/2 
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Table 27. Compare Instruction 
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WORD 
OPERATION MNEMONIC | OPERATION CODE | FUNCTION | STATUS Par 
immediate Not Equal to Memory INEM i 00001 Ois ia is io i%M NZ 1/1 
Immediate Not Equal to Memory INEMD id Cad 4 ° i Ho i¢M NZ 2/2 
A Not Equal to Memory ANEM 0000000100 A#M NZ 1/1 
A Not Equal to Memory ANEMD d [91090000100 | A#M NZ | 272 
B Not Equal to Memory BNEM 0001000100 B#M NZ 171 
Y Not Equal to Immediate YNEI i 0001 1 1 is i2 in io Y#i NZ 1/1 
Immediate Less or Equal to Memory ILEM i 00001 17 is i2 is io is<M NB 1/1 
i ig OTOOTT hii e ee 
Immediate Less or Equal to Memory ILEMD id |G. geg des de Ondo ds do isM NB 272 
A Less or Equal to Memory ALEM 0000010100 AsM NB 1/1 
OTO00TOTOO! < 
Ales or EqualtoMemory | ALEMD d | 9.400910 100) ASM NB | 272 
semitone athens 201 dg {| 
B Less or Equal to Memory BLEM 0011000100 BsM NB 1/1 
aed Sate EE 
A Less or Equal to Immediate ALEt i 10101 1 is iz is io Asi NB 1/1 
Table 28. RAM Bit Manipulation Instruction 
WOR 
OPERATION MNEMONIC | OPERATION CODE FUNCTION | STATUS yan 
Set Memory Bit SEM n 00100001 nino 1—M(n) 171 
Set Memory Bit SEMD nd | 9119909 I nino!  1-Min) 2/2 
Reset Memory Bit REM n 00100010nino| O-M(n) 1/1 
Reset Memory Bit REMD n,d a Aude da de ae 0 A120) O-Min) 2/2 
pibeat aie Se ee eee ed ee 
Test Memory Bit TM n 0010001 1 nino M(n) 1 
Test Memory Bit TMD n.d he de Gi Cathe deh ae M(n) | 272 
Table 29. ROM Address Instruction 
WOR 
OPERATION MNEMONIC ! OPERATION CODE | FUNCTION | STATUS ae 
Branch on Status 1 BR _b | 11 bybebsbabsbabibo a ce 
Long Branch on Status 1 BRL ou [OU e ee 1 2/2 
Long Jump Unconditionally JMPL u Q igi SBR ya onde 2/2 
Subroutine Jump on Status 1 CAL a |011 1 a5a4a3a281a0 1 1/2 
Long Subroutine Jump on Status 1 CALL u G dedve. Gastiaitc 1 272 
Table Branch TBR p ;00101 1 pspzpipo V1 
Return from Subroutine RTN 0000010000 1/3 
Return from Interrupt RTNI 0000010001 11/E 1/3 
Table 30. Input/Output Instruction 
WORD 
OPERATION MNEMONIC OPERATION CODE FUNCTION | STATUS eo 
CYCLE 
Set Discrete I/O Latch SED 0011100100 1—D(Y) 1/1 
Set Discrete I/O Latch Direct SEDD m {10 1 1 1 0 msmamimo 1—D(m) V1 
Reset Discrete !/O Latch RED 0001100100 O-D(Y) 1/1 
Reset Discrete |/O Latch Direct | REDD m |1 00 1 1 0 msmamimo 0—D(m) 1/1 
Test Discrete I/O Latch TD 0011100000 v1 
Test Discrete |/O Latch Direct TOD m }101 0 1 0 msmamimo Dim) 1/1 
Load A from R-Port Register LAR m/]100 1 0 1 mamamimo Rim)A eee 1/1 
Load B from R-Port Register LBR om {100100 msmamimo| Rim—B | | 1/1 
Load R-Port Register from A LRA m {10110 1 msmemimo} A—-R(m) | 1/1 
Load R-Port Register from B LRB- om {101 1.00 msmamimo| B>R(m) ae 1 
Pattern Generation P p |}0 11011 psapep: ph tT 1/2 


Table 31. Control Instruction 








OPERATION 








MNEMONIC 





OPERATION CODE 


FUNCTION 


STATUS 








+— 



















No Operation 0000000000 1/1 
Start Serial 0101001000 | Tat 
Stand-by Mode i 





0101001100 L 





Stop Mode 








0101001101 





Table 32, Op-Code Map 















































































































































































1-word/2-cycle 
Instruction 


co. 


1-word/3-cycle 
Instruction 
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. RAM Direct Address 
Ci. Instruction 
(2-word/2-cycle) 


3]4 Tey 8 oe o[1]2 3 FTE 8/9] — 
te) XsPy|XSP AN = 
1 o 
21 INEM i(4) INEMD i(4) 5 
3 ILEM ita) iLEMD i(4) 
4 | LBMixY) BNEM _[s ca Comal [oR] [st3| [sav [stor] 4 
5 [LMAIviX)] AYY 1Y JMPL p(4) 
6 [Neca] RD | ~ Tas [ie CALL p(4) 
‘ [7 | YNEI it4) p(4) 
8] XMA(XY) SEM ni2) | REM n(2) TM ni2} EMD 5 REMD af TMD n(2) 
Tol LAM(XY) LMA(XY) (s" —— = ‘ oy RAM Fos 
A Pe eae ~ [Daal Caag LMID it4) 
Ft TBR pl4) P pl4) 
XMBXXY) [REM LBA 7 
fel aaa SsyYY LYA CAL 6 
SED TUXA [rec] me) 
Fl LW! i(2) 
0 LBI it4) | 
1 Lyi it) 
2 LX! i(4) 
3 LAI it4) 
at 
5 
6 
7 
fel 
9 
i 
B 
BL 
D 
E 
F 





ane 





2-word/2-cycle 
Instruction 


HMCS404CL 


HMCS404CL 


= MASK OPTION LIST 
@FamilyName @ HMCS404CL Date of Order 
® Package O OP-64S O FP-64 Customer 

@i/O Circuit Type A; Without Pull-up MOS (NMOS Open Drain) 





Bare 


B; With Pull-up MOS ROM Code Name 
Cc; CMOS LS! Type Number 
D; Without Pull-down MOS (PMOS Open Drain) (Hitachi’s entry) 
E; With Pull-down MOS 




















re[ole 
ioe 

TapuvOaat 
npuouat | 
Input/Output 
[Input/Output |: 
esirouwi | 


t{NPUT/OUTPUT 
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Input/Output 








Input/Output 
Input/Output 


Standard Pins 
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Input/Outpu 






Input/Outpu 
Input/Output 
Input/Output 
Input/Output 
Input/Output 
Input/Output 
Input/Output 





Input/Output 


High Voltage Pins 


Output 


Standard Pins 


Ges ae 
a 
our [J 
a 
















Pt) 
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# 
3 


PH 


a 
_ 
Treat | 


*Rai/Vdisp(RA1) © Rat: Without Pull-down MOS (D) O Vgisp (VDISP) 


ee ee ee ee ee a ee ee ee 
~ 


cnt 





® Oscillator (OSC) @ Crystal or Ceramic Filter 
Oscillator (XTAL) 
®@ Divider (DIV) @ Divide-by-8 (D-8) 
®ROM Code Media O EPROM: Emulator Type O EPROM: EPROM On-Package Microcomputer Type 


Note 1) 1/0 Options masked by are not available. 
Note 2) Rat/Vdisp has to be selected as Vgisp pin exept the case that all High Voltage Pins are option D. 
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HMCS404CL 


® PACKAGE DIMENSIONS (Unit: mm) 











(DP-64S) (FP-64) 
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_ COMING SOON...REVISED US. EDITION, 
This publication is an advance copy of technical information igecured: 


in Japan on 4-Bit Single-Chip Microcomputers. A revised U. S. edition is is. 
Now in. production, scheduled. for. publication j in May, 1985. - 


ee tees If you. would like to reserve a copy of the US. edition, Pledke > completo 
Vee the poste: pac reply card below and mail Handa 
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